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ABSTRACT
As colleges and universities expand their geographic information systems (GIS)
course offerings, the pedagogies involved in teaching such courses ought to be critically
evaluated. Existing research concerning the teaching of geospatial technologies has been
characterized as “sparse, inconsistent, and overly anecdotal” (Baker et al., 2015, p. 118).
Answering the call for “more systematic and replicable” (p. 118) GIS education research,
this study adopted a suite of mixed methods used within other discipline-based education
research (DBER) and deployed them in introductory GIS courses. These methods included
classroom observation protocols, interview protocols, focus group protocols, and student
questionnaires.
This research had three aims: evaluate the utility of existing classroom observation
protocols to characterize the teaching practices of introductory GIS courses, contextualize
the relationship between instructors’ teaching beliefs and teaching practice, and describe
the interests, motivations, learning strategies, and course experiences of introductory GIS
students.
Over the course of two semesters, 33 GIS class and lab sessions were observed
using the Classroom Observation Protocol for Undergraduate STEM (COPUS; Smith, Jones,
Gilbert, & Wieman, 2013) and the Reformed Teaching Observation Protocol (RTOP;
Sawada et al., 2002). Both were found to provide an adequate mechanism to characterize
the teaching within GIS classrooms. Most of the observed class sessions were found to be
v

teacher rather than student-centered and teaching practices were found to vary between
lecture- and lab-oriented class sessions.
Multiple facets of instructors’ teaching beliefs were identified and classified by
interviewing the six participating instructors with the Teacher Beliefs Interview protocol
(Luft & Roehrig, 2007). Instructors’ teaching beliefs were compared to observed teaching
practices. Overall, the instructors’ teaching practices were found to be quite consistent
with their teaching beliefs.
Students’ responses to a series of quantitative surveys were integrated with
qualitative data gathered in interviews and focus groups. This mixed-methods integration
provided detailed insight in the students’ interests, motivations, learning strategies, and
course experiences. These students were found to be motivated by disciplinary relevance
and task value, engaged in a variety of learning strategies, and, despite high satisfaction
with the courses overall, rated the appropriateness of assessment and workload low.
These findings taken together suggest that the tools of discipline-based education
research demonstrate the potential of systematic and replicable process to study GIS
pedagogy. Further adoption of these tools could provide a comprehensive pulse of GIS
education laying the groundwork for establishing research-backed best practices.
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CHAPTER 1 INTRODUCTION
Over the last five decades, geographic information systems (GIS) courses have
increasingly become a staple of college and university geography departments across the
United States (Murphy, 2007; Sinton, 2009; Zhou, Smith, & Spinelli, 1999). When
geospatial technologies such as GIS were first developed, GIS within the academy was
largely confined to the discipline of geography. Much has changed; today, utilizing
geospatial technologies to address research questions has become a multidisciplinary
endeavor (Blaschke & Merschdorf, 2014). As a result, GIS courses are increasingly offered
in multidisciplinary settings. For example, Kawabata et al. (2010) analyzed 163 GIS
education programs offered at universities and colleges in the United States and found
that at least 40% of them were based in multiple departments. In fact, 20% of these
programs included four or more departments across various disciplines. Though the
discipline of geography was represented 3 to 1 compared to other disciplines, the
research by Kawabata et al. (2010) demonstrates that the teaching of GIS is not
pigeonholed in geography departments.
From the earliest days of GIS to present, GIS education research has centered
around arguments about conceptual teaching versus skills training (Goodchild, 1985),
curriculum development (Kemp & Goodchild, 1991), and discussions about the merits of
teaching with GIS versus teaching about GIS (Sui, 1995). But research, that is studies with
clear research designs and methodologies, on GIS education has been criticized as lacking
1

for decades (Baker & Bednarz, 2003). This criticism of GIS education echoes criticism of
geography education from a decade earlier:
Much of the existing work in geography education fails to meet generally
accepted research standards in terms of design, execution, and reporting…
There are too many one-of-a-kind, ad hoc studies that do not lead to a
cumulative understanding of essential phenomena. Thus, we lack a range
of valid and reliable instruments for assessment… Therefore, we need to
pay attention to the basic of the empirical method: sample selection,
hypothesis formulation, data quality, statistical analysis, reporting
requirements, research ethics, etc.” (Downs, 1994, p. 129)
Unfortunately, improvements in GIS education research have been slow. Over a
decade later, when establishing a research agenda for geospatial technologies and
learning, Baker et al. (Baker et al., 2015) described the knowledge in this area as “sparse,
inconsistent, and overly anecdotal” (p. 118). Their grim assessment came from a nonsystematic review of the literature. More recently, Schulze (2021) conducted a
retrospective systematic review of the literature published between Baker and Bednarz’s
initial critique (2003) and the Baker et al. (Baker et al., 2015) research agenda. Schulze’s
systematic review came to the same conclusion: “the state of knowledge in the field of
empirical GIS education research is still fuzzy” (p. 769). Within the surprisingly small body
of literature that met Schulze’s inclusion criteria (𝑛 = 26), relatively few studies (𝑛 = 10)
were conducted at the postsecondary level and even fewer (𝑛 = 5) were concerned with
introductory GIS courses.
Of the five articles concerning introductory GIS courses, three of these articles
were not concerned with teaching practices in introductory GIS courses, rather they
identified and described a positive correlation with GIS learning and spatial thinking (Kim
& Bednarz, 2013a; Jongwon Lee & Bednarz, 2009) or spatial habits of mind (Kim &
2

Bednarz, 2013b). The other two articles provided recommendations for teaching GIS.
Clark et al. (2007) found that self-paced web-based learning modules preceding lab
exercises significantly increased students lab exercise scores. Srivastava and Tait (2012)
described a multi-week GIS project involving creating a hand-drawn map and
subsequently converting it into an appropriately georeferenced vector dataset.
Throughout this process, the students had multiple opportunities for formative feedback,
which was found to increase student learning (as measured by their ability to correctly
complete the assignment) and student confidence (as measured by students’ spoken
comments during class and written comments on their online forum).
1.1 RESEARCH QUESTIONS
Though the articles described above (Clark et al., 2007; Srivastava & Tait, 2012)
were published after Baker and Bednarz’s (2003) criticism of GIS education literature,
what little data they collected arguably fails to “stand up to significant scrutiny” (Baker &
Bednarz, 2003, p. 233). Unfortunately, this remains the case for much of the GIS education
literature. Therefore, the research presented here is driven by the call for “better
structured; more systematic and replicable” geospatial technologies education research
(Baker et al., 2015). Three research questions were explored:
1) To what extent can existing classroom observation protocols characterize the
behaviors of instructors and students in introductory GIS courses?
2) To what extent do the teaching beliefs of introductory GIS instructors impact their
teaching practices?
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3) What are the interests, motivations, learning strategies, and course experiences of
introductory GIS students?
1.1.1 Justification for Research Question #1
Anecdotal recommendations for how to improve GIS teaching are abundant and
include implementing strategies such as active learning (Schultz, 2011; Srivastava & Tait,
2012), problem-based learning (Drennon, 2005; Howarth, 2015; Summerby-Murray,
2001), project-based learning (Bowlick, Bednarz, & Goldberg, 2016; Chen, 1998), group
projects (Livingstone & Lynch, 2002), and field-based learning (Carlson, 2007; Lo, Affolter,
Reeves, & Affolteu, 2002). Besides having little to no data to defend the effectiveness of
these practices, within the GIS education literature there are no established methods for
observing and evaluating classroom practices. With this deficit, how can one know if these
recommendations are being appropriately implemented? The Baker et al. (2015) research
agenda specifically calls for “studies that collect observational data with fidelity of
implementation protocols” (p. 124). The research described here is a first attempt at
answering this call for further study in this area. In working to answer this research
question, two observation protocols (OPs) developed in other academic disciplines were
used to investigate introductory GIS courses, and their utility and reliability to
characterize the teaching practices and student behaviors in this context was evaluated.
1.1.2 Justification for Research Question #2
Professional development regarding the use of geospatial technologies is one of
the four research areas specifically identified by Baker et al. (Baker et al., 2015). Though
several more specific lines of research are suggested, none of them incorporate teaching
4

beliefs of GIS instructors. This omission is significant because teaching beliefs have been
demonstrated to be a stronger predictor of teaching practice than pedagogical
knowledge. Pajares (1992) summarized the research supporting this conclusion.
Therefore, if the ultimate goal of professional development is to improve teaching
practice, professional development ought to consider the instructor’s beliefs about
teaching. The research described here characterized teaching beliefs using the Teacher
Belief Interview (TBI) (Luft & Roehrig, 2007) with the goal of identifying and describing
continuities and discontinuities between teaching beliefs and observed teaching
behaviors.
1.1.3 Justification for Research Question #3
As previously described, GIS courses are becoming increasingly multidisciplinary
(Blaschke & Merschdorf, 2014; Kawabata et al., 2010). Therefore, to facilitate innovative
and differentiated instruction in these diverse classroom settings, research is needed to
characterize the interests, motivations, and learning strategies of introductory GIS
students. In order to do so in a systematic and replicable manner, as called for in the
research agenda (Baker et al., 2015), a mixed-methods approach was utilized that
included quantitative questionnaires of well-established validity and reliability, a
qualitative focus group protocol, and an interest inventory administered to students in
introductory GIS courses.
1.2 DISSERTATION STRUCTURE
The following chapters have been arranged to explore the three overarching
research questions described here. Chapter 2 provides a literature review further
5

contextualizing the history of GIS education and introducing methods for characterizing
teaching practices, teaching beliefs, and students’ motivations, learning strategies, and
course experiences. Chapter 3 begins with a description of the multi-site research setting
for this dissertation. Next, building upon the foundation laid by the literature review,
Chapter 3 presents a detailed description of the research methodology including the
implementation of classroom observations, instructor interviews, student surveys, and
student focus groups. Chapter 4 describes how the data collected with these mixed
methods, both qualitative and quantitative, were analyzed and presents results for each
research question. Chapter 5 discusses the implications of these findings, acknowledges
limitations, and provides detailed suggestions for future research directions to answer
questions remaining about GIS pedagogies.

6

CHAPTER 2 LITERATURE REVIEW
To contextualize the research conducted, this literature review has been
organized into three sections as each forms a basis for the research methods employed.
First, the history of GIS education within higher education and two longstanding
dichotomies of GIS education are discussed. Second, classroom observation protocols and
their application in educational research are explained, including detailed descriptions of
two widely used classroom observation protocols. Finally, research on students’
perspectives of geography and GIS courses are reviewed, including overviews of two
instruments commonly used to assess students’ perspectives.
2.1 GIS EDUCATION
GIS education has a decades-long history. The earliest initiatives were focused
primarily on the design of GIS curricula. In the United States, a core curriculum guide was
first published by the National Center for Geographic Information and Analysis (NCGIA) in
1990 and revised in 1997 (Kemp, 1997). The NCGIA’s core curriculum guides were the
inspiration for the more recent Geographic Information Science and Technology Body of
Knowledge (GIS&T BoK) (DiBiase et al., 2006). Since its original publication, there has been
an effort to replace the “top-down strategies used to generate the original GIS&T BoK,
with a bottom-up strategy” (Ahearn et al., 2013). This bottom-up strategy involved the
GIS&T BoK being transformed into a collaborative, regularly updated website providing
opportunities for increased participation from a wider and more diverse population and
7

facilitated more clear linkages between among concepts. A similar effort was undertaken
by the United States Geospatial Intelligence Foundation (USGIF) to establish a
standardized geospatial intelligence (GEOINT) accreditation program. Recently, the USGIF
released an updated version of their GEOINT Essential Body of Knowledge which now
includes learning objectives at various proficiency levels (Brooks, Kantor, & Quinn, 2019).
Though the GIS&T BoK was not intended to be a curricular guide, Prager and Plewe
(2009) found the GIS&T BoK to be a very valuable resource when assessing and evaluating
curricula. The organizational framework of knowledge areas, units, topics, and learning
objectives provides a robust framework by which courses or programs can align
themselves. A limitation of aligning curriculum to the GIS&T BoK is that many learning
objectives as written in the original GIS&T BoK (DiBiase et al., 2006) require a relatively
low cognitive level. DeMers (2009) found, after doing a text-based content analysis of the
over 1,600 learning objectives that comprise the GIS&T BoK, the learning objectives of
most knowledge areas was centered around lower levels of Bloom’s taxonomy such as
knowledge and comprehension. This is at odds with the purported goal for students to
graduate with the critical thinking and problem-solving skills to tackle spatial-temporal
problems (Gaudet, Annulis, & Carr, 2003). Achieving such a lofty goal requires instructors
to implement learning objectives which facilitate higher levels of cognition than
necessitated by the learning objectives of the GIS&T BoK.
Within GIS education research, there is ongoing debate regarding the optimal
balance between the teaching of GIS theory and GIS practice:
It is very important to find the right balance between an education, which
gives an understanding of the underlying theory and concepts, and training
8

in the use of specific packages. Both are necessary, because theory and
concepts can be very dry without the hands-on experience that GIS is really
all about, but if there is no theory to provide context, the best training in
the world can be useless in the long term. (Clarke, 2003, p. 303)
Practically speaking, the nature of course instruction is heavily dependent upon
the instructor’s choice about the appropriate balance between GIS theory and practice.
The teaching of GIS theory has traditionally been taught via lecture and GIS practice
through computer-based lab exercises. A survey of undergraduate geography majors who
completed GIS modules indicated lab exercises were the most valuable component of
their GIS instruction. These students also indicated that lectures about GIS theory “were
not interactive…[and] they seemed too abstract and unrelated to applications and the
world of work” (Şeremet & Chalkley, 2015). Although student-centered active learning
has shown potential to benefit students’ understanding of GIS theory (Srivastava & Tait,
2012), relatively little has been written on how to accomplish this in the higher education
context (e.g. Schultz, 2011).
In addition to the longstanding GIS theory versus practice debate, GIS education
research has another divisive dichotomy: teaching about GIS versus teaching with GIS
(Sui, 1995). Teaching about GIS involves teaching the concepts and skills of a GIS; for
example, one could teach about how real-world phenomena are represented digitally
through a variety of data models such as the raster- or vector- data model. This instruction
could be accompanied with a computer-based exercise where students, for example,
learn to convert raster data to vector through heads up digitizing. Though the former
example is more conceptual in nature and the latter example is more procedural in
nature, both are examples of teaching about GIS because the focus of the lesson is
9

teaching a GIS concept or skill. When teaching with GIS, the GIS is not the focus but a
means to an end. For example, students using a GIS could be guided through an inquiry
process whereby the students could discover that different depths of earthquakes are
common at different plate boundary types. In this case, the geovisualization capabilities
of the GIS are used to facilitate learning about another topic. Besides basic instruction on
how to navigate within the GIS, no instruction is given about how the data was collected,
how the GIS stores the data, how the GIS visualizes the data, and so on. Teaching with GIS
involves students using GIS as a tool to investigate other topics.
Though geospatial technology use within the K–12 context remains uncommon,
when used, it is most often centered around teaching with GIS (Kerski, Demirci, & Milson,
2013). Despite advances in technology, increased access to hardware and software, and
professional development opportunities, the adoption of geospatial technologies in K–12
schools has been slow (Collins & Mitchell, 2018). Research has found many barriers for
teachers to utilize geospatial technologies in their teaching. These include a lack of time
to develop lessons, difficulty of developing grade-level appropriate lessons, and
technological implementation challenges such as slow internet connections or too few
devices for their classes. To increase the prevalence of geospatial technologies in schools,
Collins and Mitchell (2018) suggest starting GIS training with pre-service teachers,
providing in-service teachers with ongoing coaching and support, and including GIS within
academic standards.
Despite these barriers to teaching with GIS, the use of geospatial technologies has
been associated with increased student achievement (Collins, 2018; Jadallah et al., 2017)
10

and described as a tool to teach critical spatial thinking (Bearman, Jones, André, Cachinho,
& DeMers, 2016). For example, students in an introductory geography course where
geospatial technologies were integrated were found to have significant improvement in
their spatial thinking (Jo, Hong, & Verma, 2016).
Although much of the literature about teaching with GIS focuses on the
integration of geospatial technologies in geography or interdisciplinary settings, there has
also been a proposal for a stand-alone Advanced Placement Geographic Information
Science and Technology course (AP® GIS&T Study Group, 2018) and a description of an
innovative dual-credit program called The Geospatial Semester (Kolvoord, Keranen, &
Rittenhouse, 2019).
Within higher education, there are opportunities to teach with GIS (Sinton, 2009),
but the focus of introductory GIS courses are primarily to teach about GIS. The earlier
debate about “what should be taught” provides the opportunity to address “how it should
be taught” (Sui, 1995, p. 578). How GIS should be taught has a great deal to do with the
purpose of a GIS education. Though the extent to which a GIS education should or should
not be merely vocational training has long been debated (Goodchild, 1985), “unless it is
taught well – no easy task – the vocational value of GIS in practice will be diminished”
(Whyatt, Clark, & Davies, 2011, p. 4).
2.2 CLASSROOM OBSERVATION PROTOCOLS
Educational constructivism posits that teaching practice influences students’
understanding. Therefore, the identification of the most effective GIS teaching practices
has at a minimum two prerequisites: a method for describing teaching practice and
11

standardized assessments to measure students’ understanding. Within the specific
context of GIS, neither currently exist. Constructing a standardized assessment would
require consensus within the discipline about the concepts and skills to assess, followed
by a process of measuring the assessment instrument’s validity and reliability. While a
method for describing teaching practices must likewise demonstrate reliability and
validity, it is, in theory at least, much less content specific. Therefore, the relatively
abundant related research in other science, technology, engineering, and math (STEM)
disciplines are an appropriate starting point for describing the teaching practices in an
undergraduate GIS course.
For describing teaching practices, common methods in STEM disciplines include
self-reported teaching practice inventories (Wieman & Gilbert, 2014), student
evaluations (Hammonds, Mariano, Ammons, & Chambers, 2017), and classroom
observations (Stains et al., 2018). The reliability of self-reported teaching practice
inventories is unclear; some studies have found them to be reliable (Wieman & Gilbert,
2014), others have not (e.g. Ebert-May et al., 2011), and others have found them to be
reliable under specific conditions (Desimone, 2009) such as a clearly delineated time
frame (Newfield, 1980). Similarly, the reliability, validity, and utility of student evaluations
of teaching has been questioned for decades. For example, student evaluations were
found to be more valid as a measure of student satisfaction than of instructional
effectiveness (Adams, 1997) and student evaluations frequently have been found to be
tainted by gender and cultural bias (Kreitzer & Sweet-Cushman, 2021).
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Classroom observation protocols (OPs) have “become increasingly popular, since
they provide the most direct and reliable measures of teaching practices” (Lund et al.,
2015). Classroom OPs are developed to assess specific instructor and student behaviors
and can broadly be classified as either holistic or segmented. Holistic OPs use a class
period as the unit of analysis; after observing a class period, the entirety of the
observation is evaluated via employing a set of detailed descriptions using a Likert scale.
Segmented OPs record behaviors in brief periods of time during the instruction period,
commonly two-minute intervals. As demonstrated by Lund et al. (2015), the varying
nature of these two types of OPs can be leveraged together for a fuller assessment of
teaching practices.
Like Lund et al. (2015, p. 2), this study utilized both “the most commonly
implemented holistic protocol at the college level,” the Reformed Teaching Observation
Protocol (RTOP), and the “increasingly popular segmented protocol for the college level,”
the Classroom Observation Protocol in Undergraduate STEM (COPUS).
2.2.1 Reformed Teaching Observation Protocol (RTOP)
The RTOP was developed to assess the extent to which students are actively
constructing knowledge and is based on the principles of inquiry-based teaching (Sawada
et al., 2002). The RTOP contains five subscales:
1) Lesson Design and Implementation
2) Content: Propositional Pedagogic Knowledge
3) Content: Procedural Pedagogic Knowledge
4) Classroom Culture: Communicative Interactions
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5) Classroom Culture: Student/Teacher Relationships
Each subscale consists of five items (Appendix A). These items are holistically
evaluated on a five-point Likert scale based on the prevalence of the practice during the
whole class period. In rating each item, a “0” means the practice never occurred during
the class period, while a “4” indicates that the practice is very descriptive of the class
period.
Scores for the 25 items are summed to yield a number between 0 and 100; high
scores indicate a high prevalence of student-centered instruction practices (Sawada et al.,
2002). RTOP scores can be segmented into instructional category labels such as those
proposed by Budd et al. (2013): teacher-centered (≤ 30), transitional (31 – 49), or studentcentered (≥ 50). These categorizations have been criticized for being value-laden. For
example, Hora (2015) speculated that higher scores may be viewed as better though in
reality they are supposed to be interpreted as more student-centered. In fact, no
normative judgement about what constitutes good teaching or bad teaching is implied on
the 0 – 100 scale of the RTOP. Teasdale et al. (2017) also identified some confusion around
the “Transitional” label since the label may suggest the instructor is attempting to change
their teaching practice when it was intended just as an intermediary label without that
connotation.
As originally written, the RTOP did not provide specific criteria or descriptions for
each level of the Likert scales. This resulted in a lack of reliability, especially in the
intermediate scores (Marshall, Smart, Lotter, & Sirbu, 2011). This issue was remedied, as
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evidenced by increased interrater reliability, with the creation of a rubric that includes
specific descriptions of each item’s score along with the Likert scale (Budd et al., 2013).
The RTOP has been criticized as difficult to interpret as the 0 to 100 is designed to
evaluate the full class period along a continuum from teacher-centered to studentcentered rather than describing specific teaching practices. Some additional information
can be ascertained from the scores of individual items and subscales, but since the RTOP
is a holistic OP, there is a lack of temporal resolution that some may find useful for easier
interpretation (Lund et al., 2015).
2.2.2 Classroom Observation Protocol for Undergraduate STEM (COPUS)
Segmented observation profiles address this lack of temporal resolution by
requiring observations to be made frequently during the class on a higher-resolution
timescale. COPUS requires the observer to indicate which of a list of 25 behaviors
(referred to as codes; 12 codes for the instructors and 13 codes for students; see Appendix
B) were taking place in the classroom every two minutes. Examples of instructor
behaviors include asking questions, doing a demonstration, or lecturing. Examples of
student behaviors include answering an instructor’s question, whole-class discussions, or
a student presenting (Smith et al., 2013). Descriptions of all COPUS codes are provided in
Table B.1.
As originally published (Smith et al., 2013), the results from the classroom
observation were to be presented as two pie charts: one of observed instructor behaviors
and a second of observed student behaviors. The prevalence of each code was
determined by dividing the number of each type of code by the total number of observed
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codes. Using the total number of codes as the denominator when determining a code’s
prevalence could result in undesired results. For example, it would be possible for two
instructors to do the same behavior for the same percentage of class time, but their
prevalence percentages be reported differently if one of the instructors had more
observable behaviors overall than the other (e.g., simultaneously lecturing while writing
on the board). To address this discrepancy, Lund et al. (2015) proposed calculating the
prevalence percentages using the total number of two-minute segments as the
denominator. As a result, the prevalence percentages could sum to greater than 100% if
behaviors were observed simultaneously, but the percentages are easier to understand
as they represent the approximate amount of time spent doing each behavior. Some
instructors indicated interpreting these figures with twenty-five codes was challenging.
Therefore, to ease instructor interpretation, Smith et al. (2014) aggregated similar codes
into four categories of student behaviors and four categories of instructor behaviors
(Table B.1).
2.2.3 Supporting Education Research with Classroom Observation Protocols
The standardization provided by classroom OPs facilitates replicable educational
research. For example, to describe the most common teaching practices for college-level
STEM classes in North America, Stains et al. (2018) used COPUS to observe 2,008 class
sessions across 25 institutions. Their sample included 709 courses taught by 548 faculty
members. Their sample was quite diverse, including differing class sizes, course levels
(100-level through graduate level), classroom physical layout (fixed vs flexible), and a
variety of disciplines including chemistry, biology, mathematics, engineering, physics,
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geology, and computer science. Clustering the prevalence of the behavior codes, Stains
et al. (2018) identified three instructional profiles: didactic (≥80% of class time consists of
lecturing), interactive lecture (lecturing supplemented with student-centered strategies
such as group activities or clicker questions), and student-centered (student-centered
strategies compromise a large portion of the class). The relative prevalence of these
instructional profiles was found to be consistent regardless of class size, course level,
classroom physical layout, or STEM discipline. Didactic teaching practices were found to
be the most common. These findings are contrary to a previous survey-based study
(Shadle, Marker, & Earl, 2017) where faculty indicated that the number of students per
class and classroom layout were barriers to student-centered practices and multiple
studies (Akiha et al., 2018; Lund et al., 2015; Teasdale et al., 2017) with disagreeing
conclusions about the relationship between observed teaching practice across different
course levels. This suggests that decreasing class sizes or converting classrooms to a more
flexible layout only are not sufficient for teaching practices to become more studentcentered.
Teasdale et al. (2020) found geoscience instructors consistently used more
student-centered teaching practices when using the student-inquiry focused curricular
materials of the InTeGrate Project (ITG). Specifically, instructors’ RTOP scores were higher
(i.e., more student-centered) from class sessions where they were using ITG materials
compared to class sessions when they were not using ITG materials. Additionally, RTOP
scores from different instructors using the same specific ITG material were found to be
very consistent. These two findings, taken together, demonstrate that availability and
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implementation of specific curricular materials can facilitate a transition to more studentcentered learning.
Less specific interventions have also been found to increase the studentcenteredness of teaching practices. Viskupic et al. (2019) compared 236 instructors’ RTOP
scores with their personal history of professional development (PD). Instructors who had
attended PD were found to have higher (i.e., more student-centered) RTOP scores than
instructors who had not attended PD. The differences in student-centeredness were
found to be greater for instructors who had participated in topically aligned PD compared
to PD that was not topically aligned. Similarly, instructors with more hours of PD were
found to incorporate student-centered teaching practices more frequently than
instructors with fewer hours of PD. These findings are significant because they
demonstrate that PD can result in changes of teaching practice, and these changes are
the most significant when the PD is topically aligned and increase with greater instructor
exposure to PD. Classroom observation protocols make this type of research not only
possible but replicable and implementable on a wide scale.
2.3 STUDENT PERSPECTIVES AND MOTIVATIONS
While classroom observations can be an invaluable tool in characterizing GIS
classroom practices, OPs like the RTOP and COPUS fail to capture students’ perspectives
regarding learning and make no effort to describe students’ motivations in a course.
Though more standardized methods for collecting these types of data exist in other STEM
disciplines, existing research on student perspectives in GIS has primarily been ad hoc.
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For example, Barros (2017), reflecting on their own personal experience teaching
GIS courses to both undergraduate and graduate students, recommended modifying GIS
courses in order to meet the needs of a diverse group of students by modifying one of
more of the following seven course design elements: content, practical exercises,
assessment, pace, mode, level of support, and level of difficulty. After establishing this list
of course design elements, students who had taken multiple courses in GIS at this
institution were asked to comment on each design element, specifically identifying
overlaps, differences, and similarities in these design elements between different GIS
courses. Student responses on the questionnaire indicated that each of these design
elements had influenced their course experience with level of difficulty, pace, and level
of support being especially pertinent to their overall perceptions of the course.
In a similar fashion, Şeremet and Chalkley (2015, p. 22) surveyed students at or
near the end of their GIS course to gather data about
the students’ experience of the teaching and learning itself…, the
development of their GIS and general transferable skills…, their [selfreported] competence in a variety of areas of GIS…, the wider uses of GIS
across the degree programme…, [and] reasons for choosing GIS and on
their overall evaluation of the GIS module.
Students indicated lecture and computer-based laboratory exercises were the
most-used teaching practices and disliked their lectures’ lack of interactivity. Likewise,
students indicated a preference for assessment of GIS practice over GIS theory. Although
their critique of the GIS course compared to their expectations was positive overall,
students who indicated that the course did not meet their expectations typically cited the
need for additional GIS practice instruction. Students perceived GIS to be isolated in
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comparison to the rest of their geography program. A perceived increase in employability
was the most cited reason for students taking the course.
Through similar methodology but with a distinctly different audience, Park and
Huynh (Park & Huynh, 2015) investigated the motivations of non-geography majors in
introductory world geography courses. Many of their students were enrolled in the
course to earn their general education credit. Not only have differences in student beliefs
between general education and major classes previously been identified (Driscoll, 2014),
student motivations in general education courses are numerous and varied. Glynn et al.
(2005) argued that more research on student motivations in general education courses is
needed, and yet little has been published on the topic in the intervening years. Likewise,
the impact of students’ motivations on learning and how instructors can approach
teaching in response needs further research (Pintrich, 2003). Using the Motivated
Strategies for Learning Questionnaire (MSLQ), Park and Huynh (2015) attempted to
measure different types of motivation (e.g., task value, self-efficacy, and goal orientation)
and different types of engagement (e.g., behavioral and cognitive engagement) and
concluded that each type of motivation was associated with both forms of engagement
and academic achievement (as measured by the final course grade). Akin to Barros’s
(2017) seven design elements to differentiate GIS instruction, Park and Huynh (2015)
provide a list of potential strategies for instructors to utilize within their classrooms to
create an environment that enhances students’ motivation and engagement. For
example, they recommend presenting learning activities in a meaningful way by
incorporating authentic tasks; by emphasizing the utility of geography, instructors may be
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able to increase students intrinsic goal orientation. Similarly, to increase students’ selfefficacy they recommend dividing large tasks into smaller more manageable components.
2.3.1 Motivated Strategies for Learning Questionnaire (MSLQ)
The MSLQ is a common instrument for evaluating students’ perspectives with two
sections: one assessing motivations and a second assessing learning strategies. The
motivation section evaluates the students’ goals and value beliefs about a course, their
perspective about the skills to succeed in the course, and their anxiety about course
assessment. Conversely, the learning strategies section evaluates students’ use of
cognitive and metacognitive strategies and their management of different learning
resources. Overall, the MSLQ consists of 81 items across 15 modular scales, meaning the
scales can be used together or independently. Appendix C contains a description of each
scale as well as each scale’s constituent items. Each item consists of a seven-point Likertstyle scale where the student ranks the item as 1-not at all true of me to 7-very true of
me. Each modular scale is scored by taking the average of all items within the scale. Note
that some items are reverse-coded, and this must be accounted for before averaging
items’ scores (Pintrich, Smith, Garcia, & McKeachie, 1991). This instrument has been
found to be reliable and valid (Pintrich, Smith, Garcia, & McKeachie, 1993), and the
underlying subscales are well-supported (Hilpert, Stempien, Kraft, & Husman, 2013).
In addition to student motivational processes, student outcomes are theorized by
Pintrich and Zusho (2002) to be mediated by student self-regulatory processes. Selfregulated learning is characterized by several processes: planning, action, reflection, and
regulation (Greene & Azevedo, 2009). Planning involves a student making decisions about
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what they perceive needing to learn, establishing goals, and choosing studying strategies.
When the student applies their selected strategies in an attempt to learn the material,
this is classified as the action. Afterwards, the student goes through a period of reflection
where they monitor their thoughts and feelings about the studying strategy, evaluate the
utility of their studying in making progress toward their goals, and evaluate if their chosen
studying strategy was effective. Ideally, the student’s reflections will contribute to the
regulation of their studying, meaning the student will continue with strategies that were
successful and modify or replace strategies that were not. A deficit in this regulation
process could be symptomatic of low mastery goal orientation (Lukes & McConnell, 2014)
which has been correlated with lower performance levels (Meece, Anderman, &
Anderman, 2006).
2.3.2 Course Experience Questionnaire (CEQ)
The Course Experience Questionnaire (CEQ) was specifically designed to “use
student ratings to derive performance indicators of teaching effectiveness in higher
education institutions” (Griffin, Coates, McInnis, & James, 2003). Although the utility of
student evaluations to do this has been questioned (e.g. Hornstein, 2017), the CEQ has
demonstrated reliability and validity. In part this is because the instrument is much longer
than most student evaluations. In total, the CEQ consists of 49 questions assessing 11
scales (Appendix D): good teaching, generic skills, overall satisfaction, clear goals and
standards, appropriate workload, appropriate assessment, intellectual motivation,
student support, graduate qualities, learning resources, and learning community (Griffin
et al., 2003).
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2.4 TEACHING PRACTICES AND BELIEFS
Fishbein and Ajzen (1975) proposed a theory of planned behavior in which
behavior is mediated by intention which, in turn, is the product of attitude, subjective
norms, and perceived behavioral controls. This framework is generalizable enough that it
has been used within educational research in a variety of disciplines such as educational
technology (Jung Lee, Cerreto, & Lee, 2010), health education (Burak, 2002), and preservice teacher teaching (Lijuan Wang & Ha, 2011). It is commonly used within education
research as a way of conceptualizing why teachers teach the way they do. Within the
theory of planned behavior, a teacher’s teaching practices are mediated by their
intention, which is the product of their attitudes, subjective norms, and perceived
behavioral controls related to their teaching practice.
Building on this framework, Luft and Roehrig (2007) developed the semistructured Teacher Beliefs Interview (TBI) protocol. Their protocol was developed in
multiple iterations where the interview protocol was used, transcripts of the interviews
were inductively coded, and revisions to the protocol were made as needed. Through this
development process, a standardized codebook was developed allowing interview
responses to be reliably classified as teacher-centered (traditional or instructive),
transitional, or student-centered (response and reform-based). Their accompanying
codebook demonstrates how the interview protocol evaluates teaching beliefs not only
attitudinally but also including subjective norms and perceived behavior controls.
At the time Luft and Roehrig developed the TBI (2007), there was minimal prior
research relating teaching beliefs with teaching practice. Since then, additional research
23

(e.g., Addy, Simmons, Gardner, & Albert, 2015) has provided further support for the
correlation between teaching beliefs and teaching practices.
Luft and Roehrig’s (2007) primary interest in developing the TBI was to evaluate
the change of teaching beliefs over time. In particular they sought to see what effect, if
any, interventions such as professional development had on an individual’s teaching
beliefs. For example, in an earlier study (Luft, 2001), beginning teachers were found to be
more likely than experienced teachers to change their beliefs but less likely to change
their teaching practices. More research on the interaction between teaching beliefs and
teaching practice is needed.
2.5 SUMMARY
As described above, classroom observation protocols have had demonstrable
impacts in other academic disciplines. Lund et al. (2015) found that a more complete
description of classroom practices could be acquired with the combination of a holistic
OP, RTOP, and a segmented OP, COPUS. Considering their findings, with this research
being exploratory, insofar as the reliability of these OPs is being evaluated in a different
classroom context, it is methodologically defensible to utilize multiple protocols rather
than attempting to pick the best one.
To relate observed teaching practices with the instructors’ teaching beliefs, a
method for characterizing teaching beliefs is required. The TBI (Luft & Roehrig, 2007) is
one of few existing techniques for characterizing teaching beliefs and has been reliably
implemented with both graduate students and professors (Chapman & McConnell, 2018;
Czajka & McConnell, 2016; Popova, Kraft, Harshman, & Stains, 2021).
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The interests, motivations, learning strategies, and course experiences of
introductory GIS students has the potential to be quite diverse. To maximize how much
of the student perspective could be captured, a mixed-method approach was
implemented where the questionnaires described, the MSLQ and the CEQ, were
supplemented with a custom-made domain-specific interest inventory, focus groups, and
interviews. Taken together, these methods can provide a more complete representation
of the students’ perspectives than any of these methods individually.
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CHAPTER 3 METHODS
3.1 RESEARCH SETTING
This study was conducted with introductory GIS courses at two large research
institutions in the American Southeast during the 2019 – 2020 academic school year. Site
1 was studied during the Fall 2019 semester and Site 2 was studied during the Spring 2020
semester. Though the introductory GIS courses were not identical between sites, they
were the same level (300- / 3000-) and upon reviewing the syllabi from the other
institution, the instructors agreed that the courses offered at each site were comparable.
There was one significant difference between the courses at these sites: student
population. At Site 1, the course is offered to students of any major whereas at Site 2, the
course is offered to majors within the geosciences only. Students at Site 2 who were
concentrating in GIS took a lower-level spatial thinking class before this introductory GIS
course. In all, five sections of introductory GIS courses participated in this research. A
summary of the characteristics of these sections is shown in Table 3.1.
At Site 1, three sections of their introductory GIS course were offered during the
Fall 2019 semester. Two sections were taught by graduate students who had not taught
this specific course previously but had teaching experience in other courses. Neither of
these sections had a teaching assistant. One of these sections was delineated lecture days
and lab days whereas the other was not. For the section with the lecture/lab delineation,
the same graduate student who taught the lecture sessions also facilitated the lab
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sessions. The third section was taught by a professor who has taught this course for more
than thirty years. This section had a graduate student teaching assistant who facilitated
the lab sessions of the course. This graduate teaching assistant (GTA) had previous
experience facilitating the labs for this course. Two sections were taught twice a week
with 75-minute class sessions and one section was taught three times a week with 50minute class sessions. There were no standardized curriculum or assessments used
between the different course sections.
At Site 2, two sections of their introductory GIS course were offered during the
Spring 2020 semester. Both sections were taught by the same professor who had taught
this course several times previously. Each section of the course met twice a week for a
75-minute class session. For each section of the course, there was a once-a-week 3-hour
open lab time where students could work on lab assignments with a GTA present and
available to help as needed. The GTA facilitated this open lab hours had prior experience
with this course.
Regardless of rank (i.e., professor, graduate instructor of record, graduate
teaching assistant) all study participants with a role in course instruction are hereafter
referred to as instructors.
All research at Site 1 was conducted prior to the global COVID-19 pandemic. The
research at Site 2 was impacted as this university made an emergency transition to online
learning due to the pandemic. The impacts of this transition on this research study are
noted below where appropriate.
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3.2 RESEARCH PROCESS
Except for the changes necessitated by the COVID-19 pandemic, the research
process at Site 1 and Site 2 were identical. The research process is presented here
grouped by methods related to each research question. Each method is accompanied by
a description of how the method contributes to the research question. A chronological
overview of the research process and the methods’ connections to the research questions
are shown in Table 3.2.
All methods presented here were reviewed and approved by the University of
South Carolina Institutional Review Board (Pro00089977). All study participants gave
informed consent at the beginning of each semester. Data were stored on a passwordprotected laptop accessible only to the researcher and are presented here anonymously
(instructor-related data) or in aggregate (student-related data).
3.2.1 Research Question #1
Research question #1 asks: to what extent can existing classroom observation
protocols characterize the behaviors of instructors and students in introductory GIS
courses? As described in chapter 2, this research evaluated two different types of
observation protocols: a holistic protocol, RTOP, and a segmented protocol, COPUS. This
section describes the pre-requisite training for these observation protocols and overviews
the process of in-person observations and subsequent re-evaluations via video recording.
3.2.1.1 Observation Protocol Training
Training on the specific application of an observation protocol is necessary to
calibrate one’s observation assessment with those of others (increasing interrater
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reliability) as well as calibrating observation assessment with oneself (increasing
intrarater reliability). RTOP and COPUS each provide their own training materials (Piburn
& Sawada, 2000; Smith et al., 2013) and calibration specifications. In general, this process
involves the trainee familiarizing themselves with the protocol, practicing using the
protocol, and having their observations evaluated against a standard. The training
concludes when the trainee’s evaluations become sufficiently similar to previously
calibrated raters.
A purported advantage of COPUS is that its training is just as reliable as other OPs
but can be completed much quicker; the training protocol as described in Smith et al.
(Smith et al., 2013) lasts about 1.5 hours. The COPUS training protocol involves
familiarizing oneself with the COPUS codes by reading descriptions of each, observing
short (~8 minutes) videos of classrooms, and comparing the observed codes with others.
After learning from any discrepancies between their observed codes and the observed
codes in the standard, the trainee observes a final classroom video. To assess the
similarity of the trainee’s observed codes to the observed codes of the standard, a
Cohen’s kappa value is calculated which compares the trainee’s observed codes to the
observed codes of the standard. To be considered calibrated, the trainee’s Cohen’s kappa
must be greater than 0.80.
The training protocol for RTOP is longer and iterative (Teasdale et al., 2017). Much
like the COPUS training protocol, the first step of the RTOP training protocol is for the
trainee to familiarize themselves with the RTOP items and the Budd et al. (2013) rubric.
Next, the trainee completes two stages of observations in which they have the
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opportunity to compare their evaluation with the standard after each observation. Each
stage concludes when the trainee is within one standard deviation of the standard. In the
final stage of training, calibration, the trainee observes two classroom videos with RTOP.
To be considered calibrated, the trainee’s RTOP score on both must be within one
standard deviation of the standard.
Before any classroom observations were collected, the researcher trained and
calibrated themselves with each classroom observation protocol.
3.2.1.2 Observation Regime
Prior research using COPUS has concluded that at least four classroom
observations are necessary to reliably characterize teaching practice (Stains et al., 2018).
No such recommendation has been explicitly established for the RTOP. Some introductory
GIS courses are delineated into lecture days and lab days. For such class sections, there
were eight observations during the semester: four observations of lab days and four
observations of lecture days. For class sections without any specific lecture/lab
delineation, they were also observed a total of eight times during the semester to be
equally represented. To capture any potential changes in teaching practice during the
semester, the classroom observations were intentionally distributed throughout the
semester. The specific dates of observation were mutually agreed upon by the instructor
and the researcher before the semester began.
Over the course of two academic semesters, 32 classroom observations were
conducted, totaling more than 48 hours, from the six participating instructors across Site
1 and Site 2. During the second semester at Site 2, courses were abruptly transitioned
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online due to the COVID-19 pandemic so those two instructors were unfortunately only
able to be observed five times instead of eight. The last three scheduled observations
were unable to take place.
Each class session was observed either using COPUS or RTOP and were video- and
audio-recorded. The protocol used on a given observation date was selected randomly.
This randomized process was constrained such that each protocol could only be used a
maximum of four times per course section and using the same protocol for consecutive
observations was prohibited. These constraints were implemented because it is unknown
whether these two protocols are equally reliably used in-person compared to a video
recording and to temporally distance observations using the same protocol to help ensure
consecutive observations were not influenced by earlier observations.
3.2.1.3 Evaluating Observation Modality
After a sufficiently long waiting period whereby the researcher had forgotten the
specifics of the observed class, the video recordings of each class session were reevaluated using one of the classroom observation protocols (again chosen at random).
This initial waiting time was between 6.0 and 11.5 months with an average wait time of
9.4 months. After an additional waiting period of between 1.5 and 2.4 months (average
2.1 months), the class session video recordings were re-evaluated using the remaining
observation protocol. Each of these additional observations were made independently
without any consultation to previous observations. To ensure the continuity of intra-rater
reliability, the researcher re-calibrated themselves on both protocols before any class
session video recordings were evaluated.
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Once each classroom observation had been re-evaluated from the video
recording, the utility of each protocol for the introductory GIS context was evaluated and
the reliability of the protocols across observation modality (observing in-person versus
observing from the video recording) was assessed by calculating Cohen’s kappa between
pairs of observations for the different scales of RTOP and behaviors of COPUS.
Cohen’s kappa (𝜅) compares the extent of agreement between two independent
raters expected due to random chance when applying the same rubric or tool to a dataset.
Kappa values range from −1 to +1 where higher scores indicate substantially more
agreement between raters than expected by random chance alone. Though there is no
uniform consensus on what is considered an acceptable level of agreement, Landis and
Koch (1977) provide one of the most cited interpretation guides (Table 3.3). While
Cohen’s kappa is typically used to calculate inter-rater reliability (the level of agreement
between two independent raters), here it was used to calculate modal reliability: the level
of agreement between two observation modalities by the same rater.
3.2.2 Research Question #2
Research question #2 asks: to what extent do the teaching beliefs of introductory
GIS instructors impact their teaching practices? Instructors’ teaching beliefs were
characterized using Luft and Roehrig’s (2007) Teacher Beliefs Interview (TBI). These
teaching beliefs were then compared with the teaching practices observed during the
instructor’s classroom observations. After each observation, the instructors were asked
to complete a guided self-reflection. This section describes the timing of the TBIs, how
the teaching beliefs were classified based upon the instructors’ responses, and the
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process by which teaching beliefs were compared to teaching practice and the selfreflections.
3.2.2.1 Pre-Course Teacher Beliefs Interview
Shortly before the semester began, each participating instructor was interviewed
according to the semi-structured Teacher Beliefs Interview protocol as described in Luft
and Roehrig (2007). The purpose of this interview was to gather data to establish a profile
of teaching beliefs for each instructor.
Each pre-course TBI was conducted in-person and audio-recorded. Before being
evaluated, the audio-recordings were transcribed into written text verbatim without
dialect. The transcript was evaluated using the codebook originally published by Luft and
Roehrig (2007) and shown in Table B.1. This codebook classifies teaching beliefs into one
of five categories depending on the level of teacher-centeredness versus studentcenteredness: traditional, instructive, transitional, responsive, or reform-based.
For example, the first question of the TBI is: how do you maximize student learning
in your classroom? According to Luft and Roehrig’s (2007) codebook a traditional
response would be one where the teacher provides information in a structured
environment. In addition to the description provided in their codebook, they also provide
excerpts from their interviews which exemplify each classification. For instance,
accompanying the question posed above about maximizing student learning are the
responses “by carefully planning my lessons” and “by using PowerPoint presentations.”
Contrast these example responses with a reform-based response such as “knowing that
not all students learn the same way, I have to think of different ways to organize the
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lesson” where the teacher depends upon student responses to design an environment
that allows for individualized learning. Utilizing the description provided for each
classification for each question of the TBI as well as their accompanying exemplar
excerpts, the transcripts from each TBI were evaluated into a teaching beliefs profile: a
classification for each TBI question.
To maximize consistency in coding, the researcher constructed an analytical
memo accompanying each instructor’s teaching beliefs profile. These analytical memos
included the classification for each question, justification for the classification, as well as
the specific excerpts from the transcript which exemplified that rating. When uncertainty
arose about how to code an instructor’s response these analytical memos were used as
additional reference material to supplement Luft and Roehrig’s (2007) codebook.
3.2.2.2 Post-Course Teacher Beliefs Interview
Shortly after the end of the semester, each participating instructor was
interviewed a second time with the TBI protocol (Luft & Roehrig, 2007). Before answering
the seven questions of the TBI protocol, the instructors were asked to reflect on the
semester in its totality with a generic open-ended reflection question such as “do you
want to just share some overall reflections looking back at the entire semester?”. At Site
1, all but one of these interviews took place in-person; due to an instructor moving after
the semester, their post-course TBI was done over the phone. All interviews were audiorecorded and later transcribed in written text verbatim without dialect. Post-course TBIs
were not collected from the instructors at Site 2.
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After the interview, the instructors’ responses to each interview prompt were
classified as either traditional, instructive, transitional, responsive, or reform-based as
described above using Luft and Roehrig’s (2007) codebook.
3.2.2.3 Instructor Reflections
Instructors were asked to audio record a brief self-reflection on their teaching
after each observation. Four of six instructors provided contemporaneous reflections for
all their observations, one instructor provided reflections for two of their eight
observations, and one instructor provided no reflections. Each instructor was provided
with the following set of prompts to guide their reflection:
•

Did class go as intended? Why or why not?

•

Do you think students were learning and developing their understanding? How do you
know?

•

What, if anything, would you have liked to do differently?

•

How might this class influence how or what you teach in the future? Are there ways
you could further maximize student learning?
These reflection questions were intentionally designed to correlate with the

questions of the TBI (Table 3.4). This allowed for a more longitudinal view of teaching
beliefs than was able to be captured by a pre- and post-course TBI alone. Each reflection
was compared and contrasted with the teaching beliefs captured in the pre- and postcourse TBI to identify consistencies and inconsistencies.
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3.2.2.4 Comparison of Teaching Beliefs with Teaching Practices
After the semester, each instructor’s teaching beliefs profile was compared with
their observed teaching practices to identify continuities (teaching practices aligned with
teaching beliefs) and discontinuities (teaching practices not aligned with teaching beliefs).
Instructors’ contemporaneous post-observation reflections were also compared with
their teaching beliefs profile to determine to what extent they were consistent with their
teaching beliefs.
3.2.3 Research Question #3
Research question #3 asks: what are the interests, motivations, learning
strategies, and course experiences of introductory GIS students? Since little is already
known on introductory GIS students’ perspectives, this section describes a mixedmethods strategy to probe students’ interests, motivations, learning strategies, and
course experiences through three quantitative surveys and qualitative focus groups.
3.2.3.1 GIS Concepts and Skills Interest Inventory
During the first week of the semester, students were encouraged to complete a
GIS Concepts and Skills Interest Inventory (GISCSII). Instructors agreed to incentivize
student participation by offering a few points of extra credit to students who completed
the inventory. Additionally, the instructors agreed to offer a few points of extra credit for
each questionnaire individually as well as a bonus for students who completed all three.
The GISCSII began by asking for basic demographic information (age, sex/gender,
academic standing, academic discipline, etc.). Next, the students were prompted to rate
their level of personal interest, perceived disciplinary relevance, and perceived
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employability of different GIS concepts and skills. Since the body of knowledge within the
discipline is large (e.g. DiBiase et al., 2006), students were only asked about concepts and
skills identified as being frequently taught in introductory GIS courses: analytical
methods, conceptual foundations, cartography and visualization, data modeling,
geospatial data, and GIS&T and Society (AP® GIS&T Study Group, 2018; Wikle & Fagin,
2014). To mitigate any potential unfamiliarity with these concepts and skills, a brief
description of each was provided in the questionnaire. The GISCSII is provided in its
entirety in Appendix F.
The data collected from the GISCSII, along with the other student questionnaires,
were anonymous. However, to facilitate the linkage of student responses between
different student questionnaires, students were asked to provide a self-generated
identification code (Yurek, Vasey, & Sullivan Havens, 2008). Specifically, the students
were asked to provide the last four digits of their cellphone number. If students were
uncomfortable sharing these digits, it was made clear they could provide any four-digit
number if they provided the same four-digit number on each questionnaire.
3.2.3.2 Motivated Strategies for Learning Questionnaire
During the third week of the semester, students were encouraged to complete
the Motivated Strategies for Learning Questionnaire (Pintrich & de Groot, 1990). This
timing is consistent with previous implementations (Gilbert et al., 2012). Instructors
agreed to incentivize student participation by offering a few points of extra credit to
students who completed this questionnaire. Since this questionnaire was the longest, the
extra credit offered was slightly larger than what was offered for the GISCSII or CEQ.
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Each scale of the MSLQ includes multiple items (Appendix C). Therefore, the items
compromising each scale are averaged together to calculate a composite number
indicating the degree to which the student self-reports the essence of the scale (such as
intrinsic goal orientation) being descriptive of them. Note that some items were
intentionally written such that their scores need to be reverse coded (7 becomes 1, 6
becomes 2, etc.). This reverse-coding process must take place before the scale-wide
averaging. The averaging of each scale was completed on a per student basis before
responses were aggregated among all respondents. Then the means of the scales could
be compared with one another to determine the relative prevalence of various student
motivations and learning strategies. For instance, which learning strategies are most
prevalent among introductory GIS students? Or are students more motivated by task
value than intrinsic goal orientation?
Additionally, the students were asked to provide their self-generated user
identification code so their responses on the MSLQ could be linked with their responses
to other questionnaires for cross-questionnaire correlation. For example, are students’
perceptions of employability (from the GISCSII) correlated with their extrinsic goal
orientation (from the MSLQ)?
3.2.3.3 Course Experience Questionnaire
Shortly before the end of the semester, students were encouraged to complete
the Course Experience Questionnaire (Griffin et al., 2003). Instructors agreed to offer a
few extra points to students who completed the questionnaire.
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Each scale of the CEQ, except overall satisfaction, includes multiple items
(Appendix D). Therefore, the items compromising each scale were averaged together to
calculate the score for each scale. The averaging of each scale was completed on a per
student basis before responses were aggregated among all students. Then the means of
the scales could be compared with one another to compare various facets of the students’
course experience. For instance, did the students perceive an appropriate workload? Or
to what extent did students feel supported?
Like on the GISCSII and MSLQ, students were asked to provide their self-generated
user identification code so their responses on the CEQ could be linked with their
responses to other questionnaires for cross-questionnaire correlation. For example, are
students’ experiences with the learning community (from the CEQ) correlated with their
self-reported peer learning (from the MSLQ)?
3.2.3.4 Student Focus Groups
About 8-10 weeks into the semester, students were encouraged to participate in
a focus group. Participation in the focus groups was incentivized with free snacks and a
$10 prepaid charge card. Instructors were asked not to offer extra credit for the focus
groups since it would have been logistically impossible to have enough focus groups for
all students to participate.
The focus groups were scheduled such that, as much as possible, multiple course
sections would be represented in each focus group. The intent of this was to organically
encourage dialogue comparing and contrasting the students’ experiences in different
sections. Focus groups are intended to have this kind of crosstalk rather than a group
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interview format where each participant responds to the same question one after
another (Bloor & Wood, 2011). In some cases, participants who signed up did not show
up for their focus group so some “focus groups” ended up being one-on-one interviews.
At Site 1, two focus groups were conducted (one with three students and one with four
students) along with three one-on-one interviews. At Site 2, one focus group was
conducted with two students along with one one-on-one interview. In total across both
sites 13 students participated in a focus group or one-on-one interview.
These focus groups were semi-structured and based upon the interview protocol
of Lukes and McConnell (2014). Specifically, the discussion prompts were:
•

How do you characterize yourself as a student? Major(s)? Minor(s)? Academic
Journey? Why [introductory GIS course designation]?

•

Describe yourself working through a “typical” lab assignment.

•

When you find yourself particularly challenged by a lab assignment, what do you do?

•

What helps you learn?

•

What hinders your leaning?

•

What role does the instructor have in your learning? What does your instructor do
very well? What could your instructor do better?

•

Anything else?
At Site 2, one focus group was conducted in-person prior to their emergency

transition online. Additional focus groups were scheduled using video conferencing
software but only one student participated making it a one-on-one interview.
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All focus groups and interviews were audio-recorded and written transcripts
produced verbatim without dialect. These written transcripts were qualitatively analyzed
in a two-stage process. The first stage was deductive; connections between what the
students shared during the focus group and the various scales of the GISCSII, MSLQ, and
CEQ were identified and coded. For instance, a student describing their rationale for
enrolling in the introductory GIS course was being applicable to their major would have
been coded as disciplinary relevance (from the GISCSII). When appropriate, a passage of
the transcript could be coded to multiple scales. For example, a student describing asking
their neighbor for assistance when you get stuck during a GIS procedure would have been
coded as peer learning (one of the learning strategies of the MSLQ) as well as learning
communities (from the CEQ).
The second stage was inductive; based upon the principles of grounded theory,
salient themes not encapsulated by any of the scales were coded as they appeared within
the transcripts. For example, multiple students described their desire to understand the
justification behind the GIS procedures they were doing; such instances were coded as
procedural purpose. The themes identified in this inductive stage were identified and
labelled based upon what the students shared during the focus group. Unlike the earlier
deductive process, no existing framework was used to code. Rather, themes were allowed
to emerge based upon the thoughts shared by the students. The codebook created
through this two-step process is shown in Appendix G.
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3.3 TABLES
Table 3.1: Characteristics of Participating Introductory GIS Courses
Site
1

Students
19

1

19

1

18

2

13 & 18

Instructor(s) Characteristics
Instructor D
Graduate student with prior teaching
experience but not in this specific
course
Instructor C
Graduate student with prior teaching
experience but not in this specific
course

Schedule
• Class twice a week for
75 minutes
• No delineation of
lecture / lab days
• Class three times a
week for 50 minutes
• Lecture during the
first two classes, lab
during the third class
Instructor B
• Class twice a week for
Lecture: Professor with many years of
75 minutes
prior experience teaching this course • Lecture during the
Instructor A
first class, lab during
Lab: Graduate student with prior
the second class
teaching experience including in this
particular course
Instructor E
• Class twice a week for
Lecture: Professor with many years of
75 minutes
prior experience teaching this course • Open lab hours
Instructor F
facilitated by
Lab: Graduate student with prior
Instructor LW2 once a
teaching experience including in this
week for 3 hours
particular course
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Table 3.2: Research Process over a Semester
RQ #1: Utility of
existing classroom
observation protocols
for GIS courses
Before
Semester
Week 1

Week 3

Week 5

Week 7

RQ #2: Congruency
of instructor
teaching beliefs and
teaching practices
Pre-Course Teacher
Beliefs Interview

Classroom Observations
Instructor Reflections
Classroom Observations
Instructor Reflections

RQ #3: Student
interests, motivations,
learning strategies, and
experiences

GIS Concepts and Skills
Interest Inventory
Motivated Strategies
for Learning
Questionnaire

Classroom Observations
Instructor Reflections
Classroom Observations
Instructor Reflections

Week 8
Week 9

Classroom Observations
Instructor Reflections

Student Focus Groups

Week 10
Week 11

Week 13

Week 15

Classroom Observations
Instructor Reflections
Classroom Observations
Instructor Reflections
Classroom Observations
Instructor Reflections
Course Experience
Questionnaire

Week 16
After
Semester

Post-Course Teacher
Beliefs Interview
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Table 3.3: Interpretation of Cohen's kappa (Landis & Koch, 1977)
Value of kappa
< 0.00
0.00 – 0.20
0.21 – 0.40
0.41 – 0.60
0.61 – 0.80
0.81 – 1.00

Level of Agreement
Poor
Slight
Fair
Moderate
Substantial
Almost Perfect

Table 3.4: Correlation between Instructor Reflection Questions and TBI
Instructor Reflection Question
• Did class go as intended?
Why or why not?
• Do you think students were
learning and developing their
understanding? How do you
know?
• What, if anything, would you
have liked to do differently?
• How might this class
influence how or what you
teach in the future? Are there
ways you could further
maximize student learning?

Related Question from TBI (Luft & Roehrig, 2007)
#3: How do you know when your students
understand?
#7: How do you know when learning is occurring
in your classroom?

#4: How do you decide what to teach and what
not to teach?
#5: How do you decide when to move on to a new
topic in your class?
#1: How do you maximize student learning in your
classroom?
#6: How do your students learn GIS best?
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CHAPTER 4 RESULTS
The sections below describe the findings for each research question. In each
section, the data collected for each question is briefly described and the analytical
processing of interpreting the data explained. All tests of statistical significance used the
de facto standard threshold: 𝛼 = 0.05. When statistically necessary, a Bonferroni
correction was used to maintain statistical significance at the 𝛼 = 0.05 level despite the
repetition of statistical tests.
4.1 RESEARCH QUESTION #1
Research question #1 asks: to what extent can existing classroom observation
protocols characterize the behaviors of instructors and students in introductory GIS
courses? This research evaluated two types of observation protocols: a segmented
protocol, COPUS, and a holistic protocol, RTOP.
4.1.1 Observed Teaching Practices
4.1.1.1 Classroom Observation Protocol for Undergraduate STEM (COPUS)
In order to identify patterns within COPUS data, Smith et al. (2014) suggested
aggregating student and instructor behaviors into four separate categories each:
receiving, talking to class, working, and other for students and presenting, guiding,
administrative, and other for instructors. The prevalence of these categories of behaviors
is shown in Table 4.1. Percentages are used to reflect the proportion of 2-minute
segments during which a behavior occurred. Because more than one student or instructor
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behavior may occur during a 2-minute segment, the sum of the behavioral category
percentages may sum to greater than 100%.
The prevalence of these behavior codes were compared to the instructional
profiles empirically derived by Stains et al. (2018). Nearly all (𝑛 = 13) the observed class
sessions were classified as interactive lecture; one was classified as didactic; and two were
classified as student-centered. The majority of observations were classified as interactive
lectures because the behavior other groupwork, such as students working together on a
GIS lab assignment, is one of the student-centered strategies that which can differentiate
a class session into this instructional profile. This behavior was observed and coded
frequently in many class sessions (Table 4.1).
Variation was observed in student and teacher behaviors both between
instructors as well as in different class sessions of the same instructor. For example, the
relative prevalence of these behavior categories was quite different between Instructor F
and every other instructor. This difference is likely attributable to Instructor F facilitating
open lab hours whereas the other instructors were leading either lecture- or lab-oriented
class sessions. Therefore, Instructor F spent very little time presenting and the students
spent very little time receiving but the instructor spent a considerable amount of time
guiding the students.
The student Other behavior was coded frequently. During many class sessions, it
was coded during 100% of 2-minute segments. In only one class session was it coded less
than 94% of 2-minute segments. This code was most frequently used to describe periods
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during which students were using computers. At present, the COPUS does not include a
separate code that captures computer use.
The dichotomous lab vs lecture structure of many of these classes is reflected in
the prevalence of observed behavior categories in Table 4.1. For example, within
observed student behaviors, classes with a relatively low prevalence of receiving tend to
have a relatively high prevalence of working and vice versa. Similarly, within observed
instructor behaviors, classes with a relatively low prevalence of presenting tend to have
a relatively high prevalence of guiding and vice versa. Observations D.2 and D.3 are quite
illustrative of this dichotomy. In Observation D.2, the instructor briefly demonstrated the
necessary GIS tools needed to complete a specific GIS operation and then the students
used the rest of the class time completing a lab assignment using those GIS tools while
the instructor assisted. When observed with COPUS, Observation D.2 was coded with a
low percentage of class time were students were receiving and the instructor presenting
as well as a high percentage of class time where the students were working and the
instructor was guiding. These behaviors were nearly non-existent during D.3 where the
instructor lectured nearly the entire class period about GIS data errors, georeferencing,
and geocoding. Instead, in Observation D.3 there were high percentages of the instructor
presenting and students receiving.
4.1.1.2 Reformed Teaching Observation Protocol (RTOP)
The composite RTOP scores from these classroom observations indicate that most
(𝑛 = 49) observed class sessions were teacher-centered (Table 4.2). Four observations
were classified as transitional. Some instructors had a very narrow range of composite
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RTOP scores (such as Instructor F: 11 – 17) whereas others had a much wider range of
composite RTOP scores (such as Instructor D: 15 – 30). This variation (or lack of variation)
could be an artifact of some instructor teaching both lecture-oriented and lab-oriented
classes whereas other instructors taught only one or the other but not both.
Disaggregating the instructors’ composite RTOP scores by subscale (Figure 4.1)
allows the relative strength of each subscale to be assessed. Among these classroom
observations, scale 2, propositional pedagogic knowledge, was consistently scored the
highest. This indicates that the instructors are competent with the material that they are
teaching and tend to organize their materials logically and within a conceptual
framework. This is consistent with prior research in geoscience classrooms (Teasdale et
al., 2020). Scale 3, procedural pedagogic knowledge, was consistently scored the lowest
among these classroom observations. This suggests the instructors struggled to engage
the students in the scientific ways of thinking such as hypothesizing, negotiating meaning,
or providing alternative modes of investigation. These types of practices were found to
occur more frequently in lab-oriented class sessions. Student-student interaction, scale 4,
tended to score higher than student-instructor interaction, scale 5, though both scales
were quite variable.
4.1.2 Inter-Modal Reliability
As described earlier in Chapter 3, each of the 32 class sessions were evaluated a
total of three times: twice with the protocol used during the in-person observation and
once with the other protocol. Since the researcher was calibrated on both protocols
before the in-person and video recording observations took place, differences between
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the evaluations completed in-person versus those completed via video recording may
indicate that these protocols are not reliable across observation modality. For example,
when evaluating with the COPUS protocol, it could be that certain student or teacher
behaviors are less observable on video than they are in-person. Using the same statistical
techniques as used when calculating inter- or intra-rater reliability, Cohen’s kappa, the
reliability across modality (inter-modal reliability) of each protocol was evaluated.
4.1.2.1 Classroom Observation Protocol for Undergraduate STEM (COPUS)
When a classroom was observed live and via videotape, Cohen’s kappa was used
to determine the extent to which the rater reliably observed the same behaviors. For
example, a single class observed with both modalities is shown in Figure 4.2. In this
example, there is substantially more agreement than disagreement, as indicated by a
Cohen’s kappa value of 𝜅 = 0.912 ± 0.035, an “almost perfect” level of agreement.
Cohen’s kappa was calculated for this pair of observations as demonstrated in Figure 4.3.
Following this methodology, Cohen’s kappa was calculated for each of the
classroom observation pairs. Each pair was found to have “substantial” or “almost
perfect” agreement with Cohen’s kappa values ranging from 0.648 to 0.936 (mean of
0.827). To ensure there was no reliability difference in coding instructor behaviors
compared to student behaviors, Cohen’s kappa was calculated for instructor and student
behaviors independently for each observation pair. For instructor behaviors, all
observation pairs had “substantial” or “almost perfect” agreement with Cohen’s kappa
values ranging from 0.684 to 0.961 (mean of 0.818). For student behaviors, all but one
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observation pair had “moderate agreement” or “almost perfect” agreement with Cohen’s
kappa values ranging from 0.540 to 0.956 (mean of 0.835).
Despite the overall inter-modal reliability demonstrated above, individual codes
may differ in their inter-modal reliability. Within an individual pair of classroom
observations, the sample size of one individual behavior code is too small to meaningfully
calculate Cohen’s kappa. Therefore, Cohen’s kappa was calculated for each individual
behavior code after aggregating the agreements and disagreements for all observation
pairs (Table 4.3). Of the eight collapsed codes, four were found to have “almost perfect”
agreement, three were found to have “substantial” agreement, and one was found to
have “moderate” agreement. Of the twenty-one observed individual behavior codes, over
half were found to have “almost perfect” agreement (𝑛 = 4) or “substantial” agreement
(𝑛 = 7). The individual behavior codes that were found to have “poor” agreement (𝑛 =
5) were the least commonly coded behaviors. This suggests while the COPUS protocol has
inter-modal reliability overall, there may not be inter-modal reliability among individual
behaviors that occur infrequently.
4.1.2.2 Reformed Teaching Observation Protocol (RTOP)
Inter-modal reliability was also assessed for the sixteen classroom observation
pairs using the RTOP. As a holistic protocol, the composite score of all twenty-five items
characterizes the class session on a continuum of teacher-centered to student-centered.
This holistic nature emphasizes the importance of the composite score. This is reflected
in the calibration process; the composite score of the trainee is compared to the
composite score of other calibrated raters. If the trainee’s composite score is not
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calibrated, then individual scales and items can be compared. The composite score may
be calibrated despite discrepancies of individual items. For example, two items scored
one point lower than the calibrated score may be offset by another item scored two
points higher than the calibrated score. Such variation is considered acceptable since the
protocol is holistic.
Consequently, the first test of inter-modal reliability was to determine the
strength of correlation between the in-person composite score and the corresponding
video recording composite score. Figure 4.4 demonstrates there is a reasonable (𝑅 2 =
0.732) correlation between the pairs of classroom observations. However, the slope and
intercept of the linear best-fit line suggest that classroom observations conducted via
video recording tend to be scored lower than when observed in-person; this was true of
eleven of sixteen pairs of observations. Only three observation pairs had the same
composite score and in two observation pairs the video recording scored higher.
After aggregating agreements and disagreements across all sixteen observation
pairs, the sample size was sufficiently large to calculate Cohen’s kappa for all twenty-five
items as well as each scale individually (Table 4.4). With all scales combined, the overall
inter-modal reliability was found to be “moderate” (𝜅 = 0.509). Scale 3 was found to
have “substantial” inter-modal reliability; Scales 2, 4, and 5 were found to have
“moderate” inter-modal reliability (𝜅 = 0.538, 0.414, 0.437 respectively); and Scale 1
was found to have “fair” inter-modal reliability (𝜅 = 0.392). Overall, 68.5% of items were
scored identically, 28.3% of all items were scored with a one-point difference, and only
3.3% of all items were scored with a two-point or greater difference. With the exception
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of Scale 3, which had a much higher percentage agreement, the distribution of agreement
and disagreement was fairly consistent across the other scales (Table 4.4). Overall, this
suggests the reliability of the RTOP across modality does not vary considerably across
scales. Whether Scale 3 is actually more reliable than the others or if that is just an artifact
of small sample size is an open question.
4.2 RESEARCH QUESTION #2
Research question #2 asks: To what extent do the teaching beliefs of introductory
GIS instructors impact their teaching practices? To answer this question, first the
instructors’ teaching beliefs are presented, as captured by the Teacher Belief Interview.
Next, continuities and discontinuities between teaching beliefs and teaching practices are
identified and described.
4.2.1 Teacher Beliefs Interview
The Teacher Belief Interviews were conducted and classified as described in
Section 3.2.2.1. All six instructors were interviewed prior to the semester of observation.
The four instructors at Site 1 were interviewed again after the semester of observation,
giving a total of ten TBI interviews. The responses from these interviews yielded detailed
qualitative data about the instructors’ teaching beliefs. The classifications of instructors'
teaching beliefs for each TBI question are shown in Table 4.5.
Instructors’ responses to the seven questions of the TBI varied between
individuals and sometimes between the beginning and end of the semester. Instructors’
responses have been classified and representative responses are presented in the
subsections below. The TBI questions and representative responses are presented in
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order from most teacher-centered to most student-centered. Note that the ordering of
representative responses does not imply frequency of answers given.
4.2.1.1 Question 4: How do you decide what to teach and what not to teach?
Three responses were classified as traditional. Traditional responses describe
their decisions as based upon adopted curriculum and other school factors. For example,
Instructor E described being one of several instructors who regularly teach the course and
how they share standardized materials and assessments (adopted curriculum). Instructor
B described constraints imposed by resources such as “the IT support, the software
support, the help support” (other school factors).
Six responses were classified as instructive. Instructive responses describe their
decision being based on teacher focus / direction. For example, Instructor C described
how they decided what to teach said “from my previous research experience, because
based on the research experience, I know what I’m really good at so I can teach the
students.” Instructor D also described incorporating their abilities when deciding what to
teach saying “for the second half of the course, its more on what I am best at and what I
know how to do.” Instructor B described being “connected with the industry… the topics
that I select, in some sense, reflects the kind of needs they have for students they’re going
to hire.”
One response was classified as transitional. Transitional responses describe the
decision involving some modification based upon student feedback. Instructor D
described modifying the latter half of their semester based upon input from students:
“when I got to the second part after the midterm, since they had to start working on their
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projects, I actually asked them… what tools they thought they needed for their projects
so I would teach them earlier in the class.”
4.2.1.2 Question 5: How do you decide when to move on to a new topic in your class?
Three responses were classified as traditional. Traditional responses describe the
instructors’ decision-making process as being primarily directed by them. Instructor C
described a very straightforward process for deciding when to move on to a new topic:
“Simple; you just finish the topic.” Similarly, Instructor B described having a set schedule
they stick to: “The schedule I have now is roughly the same for the last four or five years…
I know how long it takes me to cover the topic adequately.”
Five responses were classified as instructive. Instructive responses describe the
instructors’ decision-making process as one still directed by them, but based upon a basic
student understanding of facts and concepts. For example, Instructor A described their
process for gauging students’ understanding before moving on as “kind of look[ing]
around, see[ing] how they’re doing.”
Two responses were classified as transitional. Transitional responses describe the
instructor’s decision process as being based on limited student feedback. Instructor E
described having a plan for their teaching but adapting as necessary based upon feedback
from their students: “I tried to plan it out, but sometimes you have to take longer if
students are asking a lot of questions. I don’t deter questions so I can finish… If we need
to, we’ll spend more time and just continue next time with the rest of the material.”
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4.2.1.3 Question 2: How do you describe your role as teacher?
Four responses were classified as traditional. Traditional responses focused on
information and structure. For example, in describing their role as a teacher, Instructor B
said, “There’s information… we want them to consume and I’m just a delivery mechanism
for it.” Similarly, Instructor C described their role as a teacher like this: “you pass on
knowledge to new generations.”
Three responses were classified as instructive. Instructive responses focus on
providing experiences. Instructor E, for instance, described their role as “a facilitator in
learning… I create activities and exercises that I think help them to learn.” Instructor D
described a different kind of experience they provide for their students: “I give them
projects and I let them choose the topic… They’ll be able to apply the analyses that we’ve
learned… to whatever dataset [they want] based on their expertise.”
Three responses were classified as transitional. Transitional responses focus on
student understanding or teacher/student relationships. For example, Instructor A
describes their role as “helping them [the students] be successful every class, helping
them understand concepts” (student understanding). Instructor F describes their desire
to be “approachable and just understanding… be there for them, you know? Help them
with what they need… create an environment where they’re comfortable”
(teacher/student relationships).
4.2.1.4 Question 3: How do you know when your students understand?
Seven responses were classified as instructive. Instructive responses focus on the
students’ ability to reiterate or demonstrate what has been presented. For example,
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Instructor A described being able to determine when students understand based upon
assessment: “[students understand when] they can accomplish the tasks you give them
in an assignment… You can tell by each individual student how much they’re grasping.”
Two responses were classified as transitional. Transitional responses include
either a knowledge component where the students’ ability to give an explanation related
to the presented information or a displayed affective component. For example, Instructor
B described posing questions on assessments which required the students to explain their
thinking: “not only do they have to give me the answer, but they have to give me the
equations that explain it. So, I have a pretty good feeling if they understand it”
(knowledge). Instructor F described how they could “kind of tell by the look on their
face,… their body language, and their expression. You can pretty much always tell.”
(affective).
One response was classified as responsive. Responsive responses described
incidents where students can utilize the presented knowledge. Instructor C described
setting up a question on the students’ final exam which required them to utilize many
distinct aspects of what they had been taught throughout the semester:
In the final exam,… instead of just giving them multiple choice questions, I
gave them on big analytical question, which is pretending that I’m a
customer and they’re the GIS company… I bring my questions and detailed
requirements to them and they will figure out how they can deliver the
results to the end users… I asked my students to use one page to explain…
the key steps they need to solve the problem.
4.2.1.5 Question 1: How do you maximize student learning in your classroom?
One response was classified as instructive. Instructive responses describe the
teacher monitoring student actions or behaviors during instruction. For example,
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Instructor C describes differentiating instruction based upon students’ abilities: “The
student never have the background have to spend extra time to catch up. And for those
students who already know the basic things, I will encourage them to think further
especially during the [lab] exercises.”
Eight responses were classified as transitional. Transitional responses describe the
teacher creating a classroom environment that involves the student. Instructor E
described how they “minimize lectures and do a lot more activity-based stuff.” Instructor
A described a similar teaching belief but provided a more specific example: “It’s kind of
that pattern of teach, give them an example, and say ‘here’s another problem; go try and
solve this.’” Instructor C described their schedule of lecture- and lab-oriented days saying
“with more hands-on practice, the students can understand more of the very abstrabt
concepts.” Instructor F identified an affective component of their beliefs about
maximizing student learning saying they “try not to overwhelm them… And be patient…
Give each student the attention that they need.”
One response was classified as responsive. Responsive responses describe the
teacher designing a classroom environment which enables students to interact with each
other and their knowledge. Instructor B described their desire for “more group projects,
group discussions… [to] have the students do more independent things to force them to
go a little bit farther so they come and present to their colleagues.” Though Instructor B
describes this as an ideal, they went on to say, “only for small classes can you do that.”
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4.2.1.6 Question 6: How do your students learn GIS best?
One response was classified as instructive. Instructive responses describe students
mimicking the teacher. Instructor E described this in their classroom this way: “I give inclass exercises where I walk them through. And then what I’m having them walk through
is either reinforcing a theoretical concept or preparing them for what they’re going to do
on their own during the lab.”
Eight responses were classified as transitional. Transitional responses describe
students using procedures or guidelines. Instructor C said students “have to practice
those concepts… starting from a pre-designed lab… gradually accumulating their
knowledge and practicing skills to real-life solving problem.”
One response was classified as responsive. Responsive responses describe
students encountering and interpreting phenomena. Instructor F described students
needing to learn problem-solving and troubleshooting skills:
If you can also throw in some problem-solving skills, encouraging them to
look at the errors, you know? If they get an error, they’re gonna raise their
hand and say “Hey I got this red exclamation point. What’s wrong?” But
you can encourage them to look into that “Oh, this is wrong; Google it.”
and then “okay, go through this kind of process when something goes
wrong.” Then you can really help them become more independent and
think critically about those skills.
4.2.1.7 Question 7: How do you know when learning is occurring in your classroom?
Two responses were classified as instructive. Instructive responses are determined
by correctness of student responses to assessments. For example, Instructor B described
“labs and quizzes [as] the guideposts that tell me each individual and as a class, how well
its doing on stuff.”
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Six responses were classified as transitional. Transitional responses are
determined through subjective conclusions about the student. For example, Instructor E
described how “sometimes by just looking at the student’s face, you can see whether they
get it or they’re confused… When they’re working on material, whether it’s an in-class
exercise or lab, as I walk around, I can kind of see who’s getting it and who’s not.”
One response was classified as responsive. Responsive responses involve limited
or preliminary interactions between students and/or their teacher. Instructor D described
“discussion among themselves” as an indication that they are “actually learning.”
One response was classified as reform-based. Reform-based responses involve
significant interactions between students and/or their teacher. Instructor F describes
questioning from students evolving throughout the semester:
The first lab everyone’s asking questions and it's about a very basic thing.
And then as the course progresses, as the semester goes on, the questions
become more complex… Sometimes they can ask something not where to
click, [or] that sort of thing [but] something more conceptual. It seems like
they’re getting a greater understanding and building upon their knowledge
that they’ve had.
4.2.2 Teaching Beliefs vs Teaching Practice
The teaching beliefs shared by the instructors during their TBI(s) were compared
with observed teaching practices and their contemporaneous reflections with the goal of
identifying and describing continuities (instances when their teaching practices and
reflections were consistent with the articulated teaching beliefs) and discontinuities
(instances when their teaching practices and reflections were inconsistent with their
articulated teaching beliefs). These continuities and discontinuities are presented in the
sections below. Some sections include findings from multiple TBI questions when the TBI
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questions are similar and related to each other. The order of the section is the TBI
questions with the most consistency between responses to the TBI questions with the
least consistency between responses (Table 4.5 column-wise).
4.2.2.1 Maximizing Student Learning of GIS
Question #1 of the TBI asks: how do you maximize student learning? Question #6
of the TBI asks: how do your students learn GIS best? As described above, responses to
each of these questions were quite consistent between instructors; eight of ten responses
to each question were coded as transitional. In aggregate, these instructors believe they
can maximize student learning by providing opportunities for students to apply GIS
concepts in hands-on exercises using the software. Their beliefs of how to maximize
student learning are consistent with their beliefs of how students learn GIS best: through
doing GIS analysis.
Overall, these beliefs were reflected in the instructors’ teaching practices. This
continuity was clearest in classroom sessions where the students spent a considerable
proportion of the class working hands-on with GIS software on either an in-class activity
or a lab exercise. This was partially reflected in more didactic, lecture-oriented class
sessions where the instructor explicitly connected concepts and ideas they were teaching
to past or future lab exercises. Occasionally, the instructors would make this connection
using screenshots of the GIS application. There were some class sessions with no use or
mention of GIS applications. While an argument could be made that this is discontinuous
with their teaching beliefs, none of the instructors’ expressed students learning GIS only
through hands-on exercises; they expressed students learning best through hands-on
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exercises. This leaves open the possibility that the instructors believe students learn GIS
in other ways as well. As shown by their syllabi, every participating instructor except one
organized their course schedule around a dichotomous lab day versus lecture day
supporting this possibility.
4.2.2.2 Gauging Student Learning and Understanding
Question #3 of the TBI asks: how do you know when your students understand?
Question #7 of the TBI asks: how do you know when learning is occurring in your
classroom? As described above, responses to these questions were consistent. Seven
responses to question #3 were coded as instructive meaning they focused on the
students’ ability to demonstrate or reiterate their understanding. Slightly more studentcentered, six responses to question #7 were coded as transitional meaning they focused
on subjective conclusions about the student. These subjective conclusions may be
cognitive (such as the students appearing to be actively engaged) or affective (such as
facial expressions or body language). Taken together, most of these instructors believe
that learning is occurring in their classroom when they sense active engagement but
knowing whether understanding has taken place requires some mechanism for students
to demonstrate what they have learned.
Manifestations of these teaching beliefs were most clearly articulated in the
instructors’ contemporaneous reflections. For example, reflecting on one of their class
sessions, Instructor A described knowing that their students were understanding because
they saw “responsiveness in their eyes.” Similarly in one of Instructor B’s reflections, they
acknowledged seeing students nodding in class.
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Some examples of these teaching beliefs did appear in their teaching practices as
well. In their pre-semester TBI, Instructor C described using questions to know if students
understand. Though a quiz was never observed being administered with Instructor C, in
several of their observations, the instructor described to the students what they were
expecting the students to know for upcoming quizzes and exams. Another way of
providing an opportunity for students to demonstrate their understanding is through nonrhetorical questioning. Though many instructors would ask questions like “does everyone
understand?”, these types of questions were rarely answered by the students. Instructor
E, however, posed non-rhetorical conceptual and procedural style questions to their
classes. These questions were frequently responded to, but often times they were
responded to by the same handful of students.
4.2.2.3 Deciding when to move on
Question #5 of the TBI asks: how do you decide when to move on to a new topic
in your class? Responses to this question were most commonly coded as instructive. Such
responses describe the decision to move on being made primarily by the instructor with
a basic understanding of students’ understanding. During one of the classroom
observations of Instructor D, the instructor explained to the students that they were going
to re-teach an earlier topic because they noted a lack of understanding based upon a
previous assignment completed by the students. This was a very clear deviation made
from the instructor’s original plan and the change was predicated on their observation of
the students’ (lack of) understanding. In an observation of Instructor A, the instructor
appeared to disregard the idea of “moving on” and spent nearly the entire class period
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assisting students with the lab exercise individually rather than teaching through the lab
exercise as a whole class. This was the case during all observations of Instructor F, whose
response to this question was coded as responsive. Their class sessions were designed as
open lab hours and they would help students individually as needed rather than “moving
on” from one concept or skill to another.
4.2.2.4 Role as a teacher
Question #2 of the TBI asks: how do you describe your role as teacher? Responses
to this question was nearly evenly split between traditional (𝑛 = 4), instructive (𝑛 = 3),
and transitional (𝑛 = 3). Traditional responses focus on providing information and
structure, instructive responses focus on providing experiences, and transitional
responses focus on teacher/student relationships or student understanding.
Instructor B, whose responses to this question were coded as traditional,
explained in one of their contemporaneous reflections that class went as intended
because they covered “the material that I want to deliver to them.” This is consistent with
their post-course TBI where they described their role as being a “conduit” of information.
Instructor E, whose responses to this question were coded as instructive,
described their teaching role as “creat[ing] activities and exercises that I think help them
to learn.” Instructor E had an activity or exercise in all but one of five observations. The
one class session that the instructor did not have an activity or exercise was the class
session in which they were reviewing for the mid-term exam. However, though there was
not an activity or exercise per se, the instructor encouraged active student participation
by reviewing for the mid-term in a questioning type of way where the instructor, through
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a series of increasingly specific questions, had the students provide the bulk of the
content for the review.
Instructor F, whose responses to this question were coded as transitional,
described their role in two different ways: one cognitive (“try to get them through the
labs and I try to make them understand the material”) and one affective (“create like an
environment where they’re comfortable”). These characteristics were demonstrated
throughout their observations; the instructor frequently assisted students one-on-one
and the language they used when assisting students was encouraging and empathetic.
4.2.2.5 Deciding what to teach
Question #4 of the TBI asks: how do you decide what to teach and what not to
teach? Over half the responses (𝑛 = 6) to this question were coded as instructive,
meaning that the decision of what to teach was based on the instructor’s focus and
direction. During some of the observations of Instructors A and C, the instructors justified
to the students what they were teaching, explaining that the skills they were teaching
were very marketable and would help them in future careers. Instructor E’s response to
this question was coded traditional because their decision of what to teach was primarily
determined by departmental curriculum. When reviewing for the mid-term exam with
their students, Instructor E described the exam as being “rough,” explaining that they
were required to use the standardized mid-term exam given by other instructors. This
communicated with the students that their instructor’s decisions of what to teach were
based on departmental factors.
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4.3 RESEARCH QUESTION #3
Research question #3 asks: What are the interests, motivations, learning
strategies, and course experiences of introductory GIS students? Answering this question
involved a mixed-methods procedure including quantitative surveys and qualitative focus
groups and interviews. Here the quantitative results are presented first followed by the
qualitative results.
4.3.1 Surveys
Results are first presented for each survey individually followed by relationships
and correlations between surveys using linked data when students completed two or
more surveys. As described earlier in Section 3.2.3, each survey consisted of numerous
scales each made up by one or more items. Between the three surveys, there were a total
of 29 scales: the GISCSII with three scales, the MSLQ with 15 scales, and the CEQ with 11
scales. Using the Shapiro-Wilk test, the distribution of responses for 18 of the 29 scales
was determined to not be normally distributed (see “Shapiro-Wilk” on Table 4.7 – Table
4.9). Because of this non-normality, non-parametric statistics were required.
Survey responses from Site 1 were initially disaggregated by section to test for
statistically significant differences in survey responses between course sections. A nonparametric analysis of variance test, specifically the Kruskal-Wallis test, was performed
on each of the 29 scales. Only 6 scales were found to differ between course sections at
Site 1. These differences are identified and described in more detail in Section 4.3.1.2 and
Section 4.3.1.3. Because survey responses were found to be overwhelmingly consistent
between course section at Site 1, they were aggregated.
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Since the course sections at Site 2 were taught by the same instructor, using the
same curricular materials, and following the same course schedule, survey responses
from Site 2 were not tested for any differences between course sections. Therefore,
survey responses at Site 2 were also aggregated.
The differences between Site 1 and Site 2 (Section 3.1) could have led to
differences among survey responses. To test for any statistically significant differences
between sites, a Mann-Whitney U test, a non-parametric independent samples T-test,
was performed on each of the 29 scales (see “Mann-Whitney U” on Tables Table 4.7 –
Table 4.9). A statistically significant difference (𝑝 = 0.015) was only found one scale: the
learning community scale of the CEQ. This difference is described in more detail in Section
4.3.1.3. Since there was widespread consistency of survey responses regardless of site,
the survey responses from each site were aggregated. Unless otherwise noted, the
statistics presented below are derived from the aggregated dataset of survey responses
from both Site 1 and Site 2. The statistical results presented below in aggregated form are
shown disaggregated by site in Appendix H and Appendix I for interested readers.
4.3.1.1 Geographic Information Systems Concepts and Skills Interest Inventory
At Site 1, the student body of these introductory GIS sections were quite
academically diverse (Table 4.5). In total, 20 unique academic majors were represented
by the respondents with as many as 13 majors in a single section. Many of these academic
majors were outside of the geosciences (six within the geosciences versus 14 outside of
the geosciences). The student respondents at Site 2 were much less academically diverse;
all but one major was within the geosciences.
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At both sites, the respondents varied in academic standing from sophomores to
seniors. At Site 1, the distribution was more skewed towards seniors who compromised
62.5% of respondents, compared to site 2 where seniors compromised only 46.2% of
respondents. Demographically, the respondents overwhelmingly self-identified as White
(78.5%) and there were slightly more female respondents (54.9%) than males (45.1%).
The response rate for this survey was over 80% at both sites, so the sample is likely
representative of the overall student population within these sections (De Vaus, 1986).
Among the scales of this interest inventory, students ranked disciplinary relevance
highest, followed by employability, and personal interest lowest at both sites. Though
there were slight variations in these scales between sites, the differences were not
statistically significant (see “Mann-Whitney U” on Table 4.7). Though Site 2 was
overwhelmingly geoscience majors, they rated disciplinary relevance slightly lower than
the more academically diverse Site 1 (4.22 vs 4.26). However, the students at Site 2 rated
both personal interest and employability higher than site 1 (3.88 vs 3.80 and 4.05 vs 3.99,
respectively). The difference between students’ perceptions of employability (4.01) and
their perceptions of disciplinary relevance (4.25) were not statistically significant. This lack
of difference suggests that students’ perceptions of disciplinary relevance and
employability may actually be difference or that students may not be able to distinguish
disciplinary relevance from perceived employability. However, students’ personal
interest (3.83) was found to be statistically significantly difference than their perceptions
of disciplinary relevance (𝑝 < 0.001; see “Overall” on Table 4.12). The large effect size
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(|𝑟𝑟𝑏 | = 0.666) associated with this difference suggests students’ personal interest is
meaningfully different than their perceptions of disciplinary relevance.
Though variation was present between each scale’s constituent items (Table 4.10
column-wise), nearly all of these differences were found to be statistically insignificant
(Table 4.11). In fact, only two statistically significant differences were found both in the
employability scale. This suggests that, regardless of the specific GIS knowledge area,
students’ personal interest and perceived disciplinary relevance were essentially the
same. Within the employability scale, data modeling, the highest rated (4.27) knowledge
area in this scale, was found to statistically significantly vary from two other lower rated
knowledge areas: GIS&T and society (3.78; 𝑝 < 0.001; |𝑟𝑟𝑏 | = 0.677) and cartography
and visualization (3.99; 𝑝 = 0.002; |𝑟𝑟𝑏 | = 0.619). These large effect sizes demonstrate
these differences are not only statistically significant, but meaningful.
Though variation was also present in the ratings of each knowledge area between
the three scales (Table 4.10 row-wise), few of these differences were found to be
statistically significant (Table 4.12). Ratings of personal interest were found to differ
statistically significantly from disciplinary relevance and employability in the analytical
methods and data modeling knowledge areas (𝑝 ≤ 0.002; 0.504 ≤ |𝑟𝑟𝑏 | ≤ 0.748).
Analytical methods and data modeling were the highest rated items for disciplinary
relevance and employability whereas they were among the lowest rates for personal
interest. Though not statistically significant in four of the six knowledge areas, students’
personal interest rating was the lowest rated item compared to disciplinary relevance and
employability for all knowledge areas.
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4.3.1.2 Motivated Strategies for Learning Questionnaire
On the MSLQ subscales, no statistically significant differences were found
between the two sites (see “Mann-Whitney U” on Table 4.8). Within Site 1, only two of
fifteen subscales were found to statistically significantly differ across course section: the
extrinsic goal orientation scale and the elaboration learning strategy scale (see “KruskalWallis” on Table H.5). The lack of statistically significant differences across sites and the
minor differences between sections at Site 1 allow for the data to be aggregated and
analyzed holistically as a single population.
Among the motivation scales, students rated test anxiety the lowest (4.38 out of
7). In fact, test anxiety was found to be statistically significantly and meaningfully different
from every other motivation scale (Table 4.13; 𝑝 < 0.001; 0.603 ≤ |𝑟𝑟𝑏 | ≤ 0.758) except
intrinsic goal orientation. Intrinsic goal orientation was the second lowest rated item
among the motivation scales (4.92) and have found to be statistically significantly and
meaningfully different from every other motivation scale (𝑝 < 0.001; 0.574 ≤ |𝑟𝑟𝑏 | ≤
0.782) except extrinsic goal orientation and test anxiety. having less intrinsic goal
orientation than extrinsic goal orientation and the difference was statistically significant
(𝑝 = 0.030; Table 4.13). Task value, though rated the highest (5.68) was found not to
statistically significantly differ from the other higher rating motivation scales: self-efficacy
for learning and performance (5.54), control of learning beliefs (5.47), and extrinsic goal
orientation (5.28).
Among the learning strategies scales, students self-reported engaging in peer
learning the least (3.55). In fact, the self-reported prevalence of peer learning was found
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to be statistically significantly different from all other learning strategies (Table 4.14; 𝑝 <
0.001; 0.805 ≤ |𝑟𝑟𝑏 | ≤ 0.585) except critical thinking (4.09), the second lowest rated
learning strategy. The highest scoring learning strategies included effort regulation (5.33),
elaboration (4.85), rehearsal (4.83), and time and study environment (4.83). Not only were
many learning strategies were statistically significantly different from one another, the
|𝑟𝑟𝑏 | = 0.642)
respective effect sizes were relatively large (0.470 ≤ |𝑟𝑟𝑏 | ≤ 0.805; ̅̅̅̅̅̅
suggesting there are real differences between the prevalence of these learning strategies.
4.3.1.3 Course Experience Questionnaire
At Site 1, statistically significant differences between the three sections were
found on four of the CEQ scales: student support, appropriate assessment, learning
community, good teaching (see “Kruskal-Wallis” on Table H.8). This suggests that
although the interests, motivations, and learning strategies of the students among these
sections were similar, some facets of their overall experience differed. Since each of these
sections were taught by a different instructor, these differences in students’ course
experience could be better understood by further investigation of that variable. Despite
each of these scales consisting of two or more items, when their constituent items were
assessed for statistically significant differences between sections, in every case there was
only a statistically significant difference for one or two questions. This demonstrates the
utility of having multiple items assessing a single construct: it enhances the ability to
discern nuances in differences. The sample size on the CEQ at Site 2 was too small (𝑛 =
19) and the participation rate between sections was too uneven (𝑛 = 4 vs 𝑛 = 15) to test
for differences in the CEQ at Site 2. Additionally, the sections at Site 2 were taught by the
70

same instructor, using the same curricular materials, and following the same course
schedule.
When responses were aggregated from the three sections of Site 1 with the
responses from Site 2, only one statistically significant difference was identified (see
“Mann-Whitney U” on Table 4.9): the learning community scale was statistically
significantly different at Site 2 than at Site 1. This difference may have been caused by the
global coronavirus pandemic which forced classes to abruptly be moved online making it
more difficult for students to be integrated with a learning community.
Overall satisfaction was the highest rated scale (4.30 out of 5). Compared to the
other more specific scales, the overall satisfaction was statistically significantly different
from the majority of them (Table 4.15; 𝑝 < 0.001; 0.577 ≤ |𝑟𝑟𝑏 | ≤ 0.867). The two
lowest scales, appropriate assessment (3.38) and appropriate workload (3.43), were
found to be statistically significantly different from almost all the other scales (𝑝 < 0.001;
0.515 ≤ |𝑟𝑟𝑏 | ≤ 0.908) except each other, student support, and in the case of
appropriate assessment, generic skills and learning community.
4.3.1.4 Cross-Survey Findings
Pintrich and Zusho’s (2002) general method for student motivation and selfregulated learning provides a framework to understand the connections between
students’ personal characteristics, their classroom context, their motivational processes,
their self-regulating processes, and ultimately their outcomes. Many of these facets were
measured through the various surveys completed by the students. Therefore, students’
responses on the different surveys were compared to identify correlations. Because of
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the non-normality of students’ responses, correlations were tested for using a nonparametric correlation test, Kendall’s tau-b.
Comparing the motivation scales of the MSLQ to the scales of the GISCSII, the
personal interest scale of the GISCSII was found to have a statistically significant positive
correlation with the intrinsic goal orientation scale of the MSLQ (Table 4.16; 𝑝 = 0.007).
This correlation is not surprising given that an intrinsically motivated person typically has
more personal interest (van der Hoeven Kraft, Srogi, Husman, Semken, & Fuhrman, 2011).
The only other statistically significant correlation found was a positive correlation (𝑝 <
0.001) between personal interest from the GISCSII and task value from the MSLQ. Since
task value was not correlated with students’ perceptions of disciplinary relevance or
employability, this suggests the origin of students’ perceptions of task value come from
their personal interest rather than their perceptions of utility.
When the scales of the GISCSII were tested for possible correlations with the
learning strategies of the MSLQ, only one statistically significant correlation was found
(Table 4.17): personal interest from the GISCSII was found to positively correlate with the
effort regulation learning strategy of the MSLQ. This suggests that students with higher
levels of personal interest are more likely to engage in effort regulating behaviors. The
lack of any other correlations also suggests that students’ personal interests and
perceptions of disciplinary relevance and employability are not meaningful behaviors of
the types of learning strategies that they utilize.
Only one statistically significant correlation was identified between the scales of
the GISCSII and the CEQ (Table 4.18): the personal interest scale from the GISCSII was
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found to positively correlate with the intellectual motivation scale from the CEQ. This
suggests that students who come into the course with higher levels of personal interest
leave the course with higher levels of intellectual motivation. Conversely, this also implies
that students who enter the course with lower levels of personal interest leave the course
with lower levels of intellectual motivation.
Many learning strategies of the MSLQ were found to statistically significantly
correlate with the motivation scales of the MSLQ (Table 4.19). This suggests that the
learning strategies employed by students differ depending upon their motivations. Some
learning strategies were found to correlate with multiple motivations. For example,
elaboration, metacognitive self-regulation, and effort regulation were all found to
positively correlate with intrinsic goal orientation, task value, control of learning beliefs,
and self-efficacy for learning and performance. Critical thinking was found to positively
correlate with only the intrinsic goal orientation scale. Extrinsic goal orientation and test
anxiety were found to not correlate with any learning strategies.
Similarly, when the motivation scales of the MSLQ were tested for correlations
with the scales of the CEQ (Table 4.20), no statistically significant correlations were
identified for the extrinsic goal orientation and test anxiety scales. Each of the other
motivation scales had at least one correlation with the scales of the CEQ. Every
statistically significant correlation identified was positively correlated. Though task value
was correlated with only one CEQ scale, self-efficacy for learning and performance and
intrinsic goal orientation correlated with four CEQ scales, and control of learning beliefs
correlated with three CEQ scales. Despite the number of identified correlations, some
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scales of the CEQ had no correlations to the motivations of the CEQ: overall satisfaction,
clear goals and standards, appropriate workload, appropriate assessment, student
support, and learning community. The lack of correlation on these facets of the students’
course experience suggests some other factor or factors have greater influence of those
areas of the students’ course experience.
Students’ learning strategies could be a contributing factor to students’ course
experience. In fact, when the learning strategies scales of the MSLQ were tested for
correlations with the scales of the CEQ (Table 4.21), several statistically significant
correlations were identified. Though it was determined that six of the nine learning
strategies had no statistically significant correlations, metacognitive self-regulation and
effort regulation both correlated with five CEQ scales and elaboration correlated with
three. All three of these learning strategies were correlated with the good teaching and
generic skills scales of the CEQ. The effort regulation learning strategy is quite in that it is
the only learning strategy found to correlate with the appropriate workload scale of the
CEQ. This suggests that students who engage in effort regulation found the workload to
be more appropriate.
4.3.2 Focus Groups and Interviews
4.3.2.1 Students’ Interests
Though the focus group questions (Section 3.2.3.4) did not specifically ask
students to differentiate motivations for taking an introductory GIS course in terms of
personal interest, disciplinary relevance, and employability many students’ responses
could be classified into one of those categories.
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Examples of personal interest ranged from very generic sentiments like “I wanted
to take it; it seems like a cool class” (Student 11) to more specific to their personal
interests such as “I chose [this introductory GIS course] because I've always really liked
computers and I like that geography is like halfway between a social science and like a
regular hard science” (Student 4). Of the 13 students who participated in a focus group
or an interview, all but three communicated feelings of personal interest.
Similarly, student comments about disciplinary relevance were frequent; 10 of 13
students mentioned disciplinary relevance at least once. Some comments that were made
were very generic such as “the reason that I'm in [this introductory GIS course] is because
It helps me with the research that I'm doing” (Student 8). One student described their
perceptions of disciplinary relevance by explaining a specific research opportunity:
I work in the environmental engineering lab as a research assistant and we
research emerging contaminants, we research nutrients, we research
runoff, all types of stuff. But there was [sic] recently two fuel truck fires in
the area. And we ended up doing sampling where we were tracking how
fast that contaminant was moving through the water to the watershed.
And you know, I was like "GIS would be perfect for this. GIS would be
perfect for this. This is a whole project that I could do." (Student 13)
Comments about employability were less frequent than either personal interest
or disciplinary relevance; only 7 of 13 participants made any mention of employability.
One student described their switch to a geography major in terms of marketability: “I do
really like history, but I was worried about like the marketability of it” (Student 10). When
the student was asked why they saw geography as more marketable than their past
history major, the student focused in on the multidisciplinary nature of GIS saying “I was
reading about it online and I guess like GIS is super applicable to like every field” (Student
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10). Another student described their perceived employability of GIS saying “I'd heard that
GIS… is something worth putting on your resume or getting into. Like people kind of make
their jobs out of GIS sometimes” (Student 6). Another student expressed optimism about
a lucrative GIS career saying, “I do hear that GIS analysts or technicians earn a lot of
money” (Student 12). While the idea of employability was spoken about in relatively
abstract terms, one student provided a specific example about their experience applying
for internships:
I applied for a lot of internships over the summer… One of the questions I
got a lot was: "What's your experience with ArcGIS?" And while I have a
little bit of exposure to other GIS programs, [my experience with ArcGIS]
was none so I realized if I was going to work in this field, I had to get some
familiarization to ArcGIS. (Student 7)
4.3.2.2 Students’ Motivations and Learning Strategies
During the focus groups and interviews, not a single student described having
intrinsic goal orientation. However, several students made comments related to extrinsic
goal orientation and task value. In terms of extrinsic goal orientation, one student
expressed getting good grades as being their motivator and time constraints leading them
to focusing on completing the assignment at the expense of not fully understanding what
they were doing:
My mind is more preoccupied with "can I get this assignment done so I can
get a good grade?" rather than am "I actually learning how to do what this
is?" Because I'm worried whether I'm going to actually be able to finish it
by the end of class. (Student 10)
Task value was often expressed in terms of the student finding value in doing GIS
because of its potential impact on their career. For example, one student describing the
importance of understanding the purpose of procedural methods said, “it's very
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important if you're going to be using the software in like your job” (Student 11). Another
student expressing a similar sentiment said “I'm really hoping to have this be part of my
career. I wouldn't want to lose these skills” (Student 13).
Though rehearsal was only the second highest rated learning strategy on the
MSLQ, within the focus groups and interviews, this strategy was described the most
frequently. One student described their process of learning GIS like this: “I think like what
helps you learn the GIS program is like practicing a lot and… re-going through everything”
(Student 6). A different student echoed the same general process but included a time and
study environment component to their study strategy saying, “then another day, or
sometime on my own time, I go through and I run through the project a couple more
times” (Student 7).
When describing learning strategies, many students differentiated how they learn
about GIS (i.e., conceptual understanding) and how they learn to do GIS (i.e., procedural
skills). For example, one student described how their prepared for a conceptually focused
exam using the organization learning strategy:
I hand write my notes… If we have an exam or quiz or something and the
professor… puts their PowerPoints on Blackboard, I'll usually like pull up
those and then have my notes out and kind of make like fill in any gaps that
I maybe didn't write down or didn't have time to, or just like correlate what
I have written with the visuals on the screen because I know in this class…
the PowerPoints themselves aren't like the most helpful because it's
mostly what the professor saying that you just need to retain and write
down so the PowerPoint may have some visuals but they're not going to
mean anything if you've written the notes with them.
Peer learning was the lowest rated learning strategy. However, this scale’s average
(3.55) is a bit misleading because the distribution of scores was bimodal with one peak
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around 1-2 points and another peak around 6-7 points. In other words, there is one group
of students who engage in peer learning very little and another group who engages in
peer learning much more frequently. Peer learning was described by all but three focus
group or interview participants. This likely means that the students who self-selected to
participate in the focus groups were part of the higher peak on the distribution of this
scale. For example, when asked about handling a challenging moment during a lab
assignment, one student replied, “I'll just ask the person next to me because usually they
know” (Student 11). Though several students described utilizing this peer learning
strategy, one student expressed concern about the level of assistance they were able to
get from their peers saying, “peer to peer is sort of like the blind leading the blind”
(Student 3).
In addition to seeking assistance from their peers, many students reported other
forms of help seeking as well including asking for help from the instructor or TA, searching
for assistance online, reading online forums, or seeking out tutorial videos.
4.4 SUMMARY
Research question #1 evaluated the reliably of using existing classroom observation
protocols in introductory GIS courses. Both protocols evaluated here, RTOP & COPUS,
demonstrated utility in characterizing the instructor and student behaviors in the
observed class sessions. Nearly all (𝑛 = 45) RTOP observations were classified as studentcentered whereas only a few (𝑛 = 4) were classified as transitional (Table 4.1: Prevalence
of COPUS Categories During Each Classroom Observations
Student Behaviors

Teacher Behaviors
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Table 4.2). The relative prevalence of COPUS categories during the classroom
observations was reflective of the traditional lab vs lecture dichotomy found in the
structure of many introductory GIS courses. The student Other category of COPUS was
79

oversaturated by student usage of computers not code-able as any current code of the
COPUS. Both protocols were found to be as reliable when observed in-person than when
observed from a video recording (Table 4.3 & Table 4.4).
Research question #2 assessed the degree to which teaching practices were
consistent with teaching beliefs. Based on the instructors’ responses to the TBI, most of
their teaching beliefs were classified as instructive or transitional (Table 4.5). Overall,
widespread continuity between teaching beliefs and teaching practices was observed.
Instructors’ contemporaneous post-observation reflections were also found to be
consistent with their teaching beliefs.
Research question #3 characterized students’ interests, motivations, learning
strategies, and course experiences. Students’ responses to the GISCSII showed that
students value perceived disciplinary relevance over personal interest or perceived
employability. This was reflected by the students’ responses to the MSLQ where task
value was identified as the students’ greatest motivation. The MSLQ also identified
commonly used learning strategies (such as effort regulation, elaboration, rehearsal, time
and study environment) and uncommonly used learning strategies such as (critical
thinking and peer learning). The CEQ found high overall satisfaction in the course, but
students had a low assessment of the appropriateness of assessment and workload.
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4.5 TABLES
Table 4.1: Prevalence of COPUS Categories During Each Classroom Observations
Student Behaviors

Teacher Behaviors

Instructor Observation Receiving Talking to Class Working Other Presenting Guiding Administrative Other

Instructional Profile

.1

59%

32%

86%

100%

52%

86%

14%

5%

Interactive Lecture

.2

54%

31%

62%

100%

54%

95%

15%

18%

Interactive Lecture

B .3

100%

64%

0%

94%

100%

67%

14%

6%

Didactic

.1

29%

3%

55%

100%

21%

92%

24%

26%

Student-Centered

.2

61%

12%

79%

100%

58%

91%

12%

3%

Interactive Lecture

.3

51%

15%

85%

100%

46%

74%

15%

28%

Interactive Lecture

.4

50%

15%

55%

100%

33%

60%

20%

38%

Interactive Lecture

.1

50%

31%

44%

65%

52%

63%

19%

27%

Student-Centered

.2

18%

5%

65%

100%

13%

87%

8%

26%

Interactive Lecture

.3

91%

3%

9%

100%

82%

15%

15%

6%

Interactive Lecture

.4

39%

0%

70%

100%

23%

64%

20%

16%

Interactive Lecture

.1

50%

10%

55%

100%

48%

50%

8%

38%

Interactive Lecture

E .2

76%

47%

42%

100%

71%

87%

32%

13%

Interactive Lecture

.3

77%

36%

8%

97%

69%

59%

23%

26%

Interactive Lecture

.1

1%

1%

31%

100%

1%

51%

1%

85%

Interactive Lecture

.2

0%

2%

51%

100%

0%

65%

0%

82%

Interactive Lecture
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Table 4.2: Composite RTOP Scores for All Classroom Observations
(Pairs of observations have the same superscripted letter; bolded scores were in-person; underlined scores were via video recording;
scores with an * were observed with RTOP via video recording only)
← Teacher-Centered (≤ 30) →
Instructor 10

15

20
17B

A

14E 15E

82
F

28A

21C

18J
19J
18I
19*
18K

23L

25*
25K
24*
24M
24M

11*
11O
11O

13P
13*

16P 17*

35
32*

29D

25*
22H 23H
22* 23F

E

30

22A
22B

16F 17*
18* 19G
16G 17*

15I
16*
15*

D

25
21*

19C

B
C

← Transitional (31–49) →

33D

30L

27N
27N

33*

36*

Table 4.3: Aggregated Cohen’s kappa values from 16 pairs of COPUS observations
(Darker colors indicate higher levels of agreement; see Table 3.3)

Student Behaviors
0.853 ± 0.015 (1619)

Working 0.739 ± 0.041 (391)

Other 0.850 ± 0.027 (780)
Presenting 0.812 ± 0.035 (378)

Instructor Behaviors
0.832 ± 0.016 (1561)

All Behaviors
0.843 ± 0.011 (3180)

Collapsed 𝜅 ± 𝐶𝐼95% (𝑛)
Categories
Receiving 0.914 ± 0.030 (316)
Talking to Class 0.676 ± 0.079 (132)

Guiding 0.879 ± 0.019 (799)

Administration 0.566 ± 0.110 (97)
Other 0.798 ± 0.042 (287)

Code
L
AnQ
SQ
WC
SP
Ind
CG
WG
OG
Prd
TQ
W
O
Lec
RtW
D/V
Fup
PQ
CQ
AnQ
MG
1o1
Adm
W
O

𝜅 ± 𝐶𝐼95% (𝑛)
0.914 ± 0.030 (316)
0.727 ± 0.093 (80)
0.572 ± 0.153 (50)
0.000 ± 1.384 (2)
--0.000 ± 1.129 (3)
--0.580 ± 0.173 (38)
0.644 ± 0.056 (349)
0.000 ± 1.959 (1)
--0.497 ± 0.177 (46)
0.280 ± 0.146 (734)
0.813 ± 0.049 (210)
0.765 ± 0.187 (16)
0.780 ± 0.061 (152)
0.000 ± 1.959 (1)
0.776 ± 0.080 (86)
--0.760 ± 0.116 (43)
0.753 ± 0.053 (253)
0.933 ± 0.026 (416)
0.566 ± 0.110 (97)
−0.003 ± 0.403 (23)
0.815 ± 0.045 (264)

Table 4.4: Inter-modal reliability of RTOP scales
Scale(s)
1–5
1
2
3
4
5

R2
0.732
0.321
0.822
0.315
0.435
0.336

𝜅 ± 𝐶𝐼95% (𝑛)
0.509 ± 0.071 (400)
0.392 ± 0.182 (80)
0.538 ± 0.134 (80)
0.612 ± 0.193 (80)
0.414 ± 0.166 (80)
0.437 ± 0.178 (80)

No Difference
68.5%
65.0%
63.8%
83.8%
62.5%
67.5%
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Difference ±1
28.3%
28.8%
33.8%
13.8%
35.0%
30.0%

Difference ≥ ±2
3.3%
6.3%
2.5%
2.5%
2.5%
2.5%

Table 4.5: Classification of Instructors' TBI Responses
Site Instructor Timing

TBI #1

TBI #2

TBI #3

TBI #4

TBI #5

TBI #6

TBI #7

Pre-

Transitional

Traditional

Instructive

Instructive

Instructive

Transitional

Transitional

Post-

Transitional

Traditional

Instructive

Instructive

Instructive

Transitional

Transitional

Pre-

Transitional

Traditional

Instructive

Instructive

Traditional

Transitional

Transitional

Post-

Responsive

Traditional

Transitional

Instructive

Traditional

Transitional

Transitional

Pre-

Transitional

Instructive

Instructive

Instructive

Instructive

Transitional

Transitional

Post-

Instructive

Transitional

Responsive

Instructive

Instructive

Transitional

Instructive

Pre-

Transitional

Instructive

Instructive

Traditional

Instructive

Transitional

Responsive

Post-

Transitional

Transitional

Instructive

Transitional

Transitional

Transitional

Instructive

E

Pre-

Transitional

Instructive

Instructive

Traditional

Transitional

Instructive

Transitional

F

Pre-

Transitional

Transitional

Transitional

Traditional

Traditional

Responsive

Reform-based

A

B
1
C
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2

Traditional
← Teacher-Centered

Instructive

Transitional

Responsive

Reform-based

Student-Centered →

Table 4.6: Profiles for Each Course Section Based Upon GISCSII Responses

Male

Female

White

Other

1
2
5
2
3

Racial
Identity

Senior

8
3

Gender
Identity

Junior
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Overall
Site 1
Section A
Section B
Section C
Site 2
Section D
Section E

Sophomore

Freshman

Academic
Standing

24
15
4
5
6
9
3
6

42
30
11
12
7
12
6
6

32
20
8
6
6
12
6
6

39
28
7
12
9
11
4
7

62
42
12
15
15
20
13
7

17
9
5
3
1
8
4
4

Number of Unique Majors
Geosciences
(i.e.,
geography,
geology,
geophysics,
environmental
science)
8
6
5
4
4
5
4
5

Table 4.7: Scale Statistics for GISCSII Responses
(𝑛 = 74)

𝑥̅ (SD)
Personal Interest (PI) 3.83 (0.741)
Disciplinary Relevance (DR) 4.25 (0.754)
Employability (E) 4.01 (0.703)

Shapiro-Wilk
𝑝
< 0.001
< 0.001
< 0.001

Mann-Whitney U
𝑝
𝜀2
0.565
0.0817
0.886
0.0208
0.838
0.0296

Other STEM
(i.e., marine
science, civil
engineering,
computer
science)
7
7
2
5
2

Humanities
(i.e.,
anthropology,
global studies,
Spanish,
English,
history)
6
5
1
2
1
1

Other (i.e.,
economics,
finance, risk
management)
3
2
2

Table 4.8: Scale Statistics for MSLQ Responses
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Learning Strategies

Motivation

(𝑛 = 66)
Value Components
Expectancy
Components
Affective Components
Cognitive and
Metacognitive
Strategies
Resource
Management
Strategies

Intrinsic Goal Orientation (IGO)
Extrinsic Goal Orientation (EGO)
Task Value (EV)
Control of Learning Beliefs (CLB)
Self-Efficacy for Learning and Performance (SELP)
Test Anxiety (TA)
Rehearsal (R)
Elaboration (E)
Organization (O)
Critical Thinking (CT)
Metacognitive Self-Regulation (MSR)
Time and Study Environment (TSE)
Effort Regulation (ER)
Peer Learning (PL)
Help Seeking (HS)

𝑥̅ (SD)
4.92 (1.03)
5.28 (1.05)
5.68 (0.97)
5.47 (1.08)
5.54 (1.01)
4.38 (1.30)
4.83 (1.12)
4.85 (1.20)
4.67 (1.29)
4.09 (1.34)
4.54 (0.81)
4.83 (1.05)
5.33 (0.98)
3.55 (1.65)
4.48 (1.15)

Shapiro-Wilk
𝑝
0.283
0.157
0.010
0.005
0.010
0.127
0.076
0.068
0.487
0.508
0.968
0.186
0.038
0.034
0.032

Mann-Whitney U
𝑝
𝜀2
0.899
0.0225
0.558
0.0988
0.770
0.0500
0.070
0.3025
0.697
0.0663
0.423
0.1350
0.141
0.2462
0.500
0.1138
0.584
0.0925
0.208
0.2113
0.240
0.1975
0.234
0.2000
0.851
0.0325
0.500
0.1138
0.095
0.2788

Table 4.9: Scale Statistics for CEQ Responses
(𝑛 = 67)
Overall Satisfaction (OS)
Good Teaching (GT)
Generic Skills (GS)
Clear Goals and Standards (CGS)
Appropriate Workload (AW)
Appropriate Assessment (AA)
Intellectual Motivation (IM)
Student Support (SS)
Graduate Qualities (GQ)
Learning Resources (LR)
Learning Community (LC)

𝑥̅ (SD)
4.30 (0.871)
4.22 (0.664)
3.90 (0.733)
3.90 (0.701)
3.43 (0.772)
3.38 (0.902)
4.04 (0.769)
3.75 (0.994)
4.17 (0.643)
4.23 (0.670)
3.90 (0.797)

Shapiro-Wilk
𝑝
< 0.001
< 0.001
0.043
0.012
0.375
0.170
< 0.001
< 0.001
0.002
< 0.001
0.006

Mann-Whitney U
𝑝
𝜀2
0.468
0.1053
0.237
0.1864
0.472
0.1140
0.795
0.0417
0.360
0.1447
0.649
0.0724
0.314
0.1579
0.398
0.1327
0.175
0.2138
0.060
0.2928
0.015
0.3805

Table 4.10: Descriptive Statistics for all GISCSII Questions

(𝑛 = 74)
Analytical Methods (AM)
Conceptual Foundations (CF)
Cartography & Visualization (CV)
Data Modeling (DM)
Geospatial Data (GD)
GIS&T and Society (GS)
All Scale Items

Personal
Interest
𝑥̅ (SD)
3.66 (1.14)
3.85 (0.95)
3.95 (1.15)
3.82 (1.09)
3.95 (0.99)
3.74 (1.22)
3.83 (0.74)
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Disciplinary
Relevance
𝑥̅ (SD)
4.34 (0.96)
4.16 (1.01)
4.27 (0.97)
4.34 (0.91)
4.28 (0.90)
4.08 (1.08)
4.26 (0.75)

Employability
𝑥̅ (SD)
4.16 (0.95)
3.88 (1.03)
3.99 (0.94)
4.27 (0.90)
4.00 (0.94)
3.78 (1.14)
4.01 (0.70)

Table 4.11: Wilcoxon Rank-Sum Tests between GISCSII Knowledge Areas by Scale
Personal Interest
Disciplinary Relevance
Employability
AM CF CV DM GD GS
AM CF CV DM GD GS
AM CF CV DM GD GS
AM -- 0.17 0.09 0.23 0.06 0.60
AM -- 0.16 0.70 0.99 0.49 0.08
AM -- 0.03 0.11 0.30 0.10 0.01
CF
-- 0.40 0.71 0.48 0.53
CF
-- 0.37 0.26 0.46 0.46
CF
-- 0.50 0.00 0.27 0.48
CV
-- 0.30 0.98 0.31
CV
-- 0.50 0.87 0.08
CV
-- 0.00 0.78 0.09
DM
-- 0.21 0.69
DM
-- 0.55 0.07
DM
*
-- 0.01 0.00
GD
-- 0.22
GD
-- 0.14
GD
-- 0.08
GS
-GS
-GS
*
-Note: * indicates statistically significant different (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 15)
Table 4.12: Wilcoxon Rank-Sum Tests between GISCSII Scales by Knowledge Area
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Analytical Methods
PI
DR
E
PI -- < 0.001 0.002
DR *
-0.099
E *
--

Conceptual Foundations
PI
DR
E
PI -0.011 0.878
DR
-0.019
E
--

Cartography & Visualization
PI
DR
E
PI -0.013 0.849
DR
-0.022
E
--

Data Modeling
Geospatial Data
GIS&T and Society
PI
DR
E
PI
DR
E
PI
DR
E
PI -- < 0.001 0.002
PI -0.009 0.551
PI -0.023 0.869
DR *
-0.561
DR
-0.038
DR
-0.022
E *
-E
-E
-Note: * indicates statistically significant different (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 3)

PI
DR
E

Overall
PI
DR
E
-- < 0.001 0.036
*
-0.011
--

Table 4.13: Wilcoxon Rank-Sum Tests between MSLQ Motivation Scales
IGO
--

EGO
TV
CLB
0.030 < 0.001 < 0.001
-0.016 0.325
-0.027
--

SELP
TA
IGO
< 0.001 0.016
EGO
0.173 < 0.001
TV
*
0.165 < 0.001
CLB
*
0.920 < 0.001
SELP
*
-< 0.001
TA
*
*
*
*
-Note: * statistically significant (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 15)
Table 4.14: Wilcoxon Rank-Sum Tests between MSLQ Learning Strategies Scales
R
--

E
0.722
--

O
CT
MSR
0.144 < 0.001 0.011
0.192 < 0.001 0.001
-0.003 0.322
-0.002
--

TSE
ER
PL
HS
R
0.886 0.027 < 0.001 0.061
E
0.771 0.014 < 0.001 0.048
O
0.334 0.002 < 0.001 0.242
CT
*
*
0.001 < 0.001 0.019 0.019
MSR
*
0.011 < 0.001 < 0.001 0.982
TSE
-< 0.001 < 0.001 0.054
ER
*
*
*
-< 0.001 < 0.001
PL
*
*
*
*
*
*
-< 0.001
HS
*
*
-Note:* statistically significant (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 36)
Table 4.15: Wilcoxon Rank-Sum Tests between CEQ Scales
OS GT
GS
CGS
AW
AA
IM
SS
GQ
LR
LC
OS -- 0.143 < 0.001 < 0.001 < 0.001 < 0.001 0.017 < 0.001 0.063 0.436 < 0.001
GT
-- < 0.001 < 0.001 < 0.001 < 0.001 0.051 < 0.001 0.354 0.712 < 0.001
GS *
*
-0.940 < 0.001 0.002 0.062 0.270 < 0.001 < 0.001 0.843
CGS *
*
-< 0.001 < 0.001 0.143 0.260 0.001 < 0.001 0.817
AW *
*
*
*
-0.940 < 0.001 0.013 < 0.001 < 0.001 < 0.001
AA *
*
*
-< 0.001 0.038 < 0.001 < 0.001 0.002
IM
*
*
-0.015 0.076 0.040 0.130
SS *
*
-< 0.001 < 0.001 0.188
GQ
*
*
*
*
-0.240 < 0.001
LR
*
*
*
*
*
-< 0.001
LC *
*
*
*
*
-Note: * statistically significant (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 55)
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Table 4.16: Kendall’s Tau B Correlation Matrix between the GISCSII and the MSLQ
Motivation Scales
Personal
Disciplinary Employability
Interest
Relevance
𝑝
𝑝
𝑝
Intrinsic Goal Orientation
0.007*
0.040
0.055
Extrinsic Goal Orientation
0.010
0.349
0.442
Task Value < 0.001*
0.152
0.141
Control of Learning Beliefs
0.123
0.686
0.581
Self-Efficacy for Learning and Performance
0.015
0.327
0.223
Test Anxiety
0.159
0.832
0.583
Note: * statistically significant (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 6)
Table 4.17: Kendall’s Tau B Correlation Matrix between the GISCSII and the MSLQ Learning
Strategies Scales
Personal
Disciplinary Employability
Interest
Relevance
𝑝
𝑝
𝑝
Rehearsal
0.976
0.543
0.382
Elaboration
0.298
0.843
0.320
Organization
0.338
0.952
0.378
Critical Thinking
0.099
0.802
0.087
Metacognitive Self-Regulation
0.110
0.733
0.475
Time and Study Environment
0.437
0.727
1.000
Effort Regulation
0.004*
0.037
0.192
Peer Learning
0.361
0.631
0.319
Help Seeking
0.087
0.873
0.087
Note: * statistically significant (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 9)
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Table 4.18: Kendall’s Tau B Correlation Matrix between the GISCSII and the CEQ Scales
Personal
Disciplinary Employability
Interest
Relevance
𝑝
𝑝
𝑝
Overall Satisfaction
0.151
0.300
0.147
Good Teaching
0.056
0.373
0.835
Generic Skills
0.218
0.360
0.780
Clear Goals and Standards
0.125
0.456
0.859
Appropriate Workload
0.043
0.241
0.522
Appropriate Assessment
0.564
0.791
0.701
Intellectual Motivation
0.002*
0.599
0.663
Student Support
0.140
0.295
0.740
Graduate Qualities
0.009
0.860
0.917
Learning Resources
0.098
0.981
0.777
Learning Community
0.058
0.653
0.581
Note: * statistically significant (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 11)
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Table 4.19: Kendall’s Tau B Correlation Matrix between the MSLQ Motivation Scales and the MSLQ Learning Strategies Scales
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Intrinsic Goal Extrinsic Goal
Orientation
Orientation
Task Value
𝑝
𝑝
𝑝
Rehearsal
0.802
0.072
0.329
Elaboration
< 0.001*
0.850
0.005*
Organization
0.064
0.077
0.185
Critical Thinking
0.002*
0.341
0.098
Metacognitive Self-Regulation
< 0.001*
0.601
0.002*
Time and Study Environment
0.148
0.656
0.126
Effort Regulation
0.002*
0.108
< 0.001*
Peer Learning
0.231
0.390
0.815
Help Seeking
0.153
0.933
0.135
Note: * statistically significant (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 9)

Self-Efficacy for
Control of
Learning and
Learning Beliefs Performance
𝑝
𝑝
0.531
0.624
< 0.001*
< 0.001*
0.094
0.450
0.332
0.008
< 0.001*
< 0.001*
0.006
0.003*
0.002*
< 0.001*
0.580
0.508
0.283
0.110

Test Anxiety
𝑝
0.789
0.359
0.038
0.473
0.527
0.068
0.031
0.755
0.751

Table 4.20: Kendall’s Tau B Correlation Matrix between the MSLQ Motivation Scales and the CEQ Scales
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Intrinsic Goal Extrinsic Goal
Orientation
Orientation
Task Value
𝑝
𝑝
𝑝
Overall Satisfaction
0.092
0.456
0.246
Good Teaching
0.004*
0.323
0.084
Generic Skills
< 0.001*
0.658
0.122
Clear Goals and Standards
0.108
0.868
0.340
Appropriate Workload
0.018
0.622
0.038
Appropriate Assessment
0.055
0.627
0.045
Intellectual Motivation
< 0.001*
0.518
< 0.001*
Student Support
0.032
0.636
0.084
Graduate Qualities
< 0.001*
0.687
0.005
Learning Resources
0.015
0.224
0.075
Learning Community
0.009
0.459
0.160
Note: * statistically significant (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 11)

Self-Efficacy for
Control of
Learning and
Learning Beliefs Performance
𝑝
𝑝
0.173
0.010
0.005
0.003*
< 0.001*
< 0.001*
0.069
0.116
0.032
0.010
0.494
0.119
0.011
< 0.001*
0.287
0.162
< 0.001*
< 0.001*
0.002*
0.003*
0.010
0.071

Test Anxiety
𝑝
0.826
0.533
0.335
0.264
0.731
0.980
0.195
0.227
0.333
0.370
0.282

Table 4.21: Kendall’s Tau B Correlation Matrix between the MSLQ Learning Strategies Scales and the CEQ Scales
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Metacognitive Time and
Critical
SelfStudy
Effort
Peer
Help
Rehearsal Elaboration Organization Thinking Regulation Environment Regulation Learning Seeking
𝑝
𝑝
𝑝
𝑝
𝑝
𝑝
𝑝
𝑝
𝑝
Overall Satisfaction 0.262
0.456
0.485
0.373
0.084
0.116
0.228
0.868 0.549
Good Teaching 0.987
< 0.001*
0.062
0.011
< 0.001*
0.005
0.002*
0.818 0.229
Generic Skills 0.915
0.001*
0.067
0.049
0.001*
0.015
0.003*
0.800 0.512
Clear Goals and Standards 0.914
0.715
0.125
0.451
0.243
0.031
0.168
0.328 0.460
Appropriate Workload 0.730
0.922
0.889
0.179
0.276
0.036
< 0.001* 0.460 0.143
Appropriate Assessment 0.786
0.120
0.465
0.316
0.974
0.915
0.429
0.993 0.954
Intellectual Motivation 0.346
0.023
0.760
0.039
0.006
0.279
0.008
0.875 0.993
Student Support 0.980
0.076
0.072
0.019
0.002*
0.171
0.198
0.666 0.365
Graduate Qualities 0.699
0.005
0.115
0.053
0.002*
0.181
0.006
0.941 0.383
Learning Resources 0.973
0.114
0.078
0.567
0.011
0.090
0.003*
0.248 0.665
Learning Community 0.889
0.001*
0.189
0.008
0.005*
0.234
0.143
0.370 0.211
Note: * statistically significant (𝛼 = 0.05) with a Bonferroni correction (𝑚 = 11)
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Figure 4.1: Composite RTOP Scores Disaggregated by Scale
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Figure 4.2: Example comparison between COPUS as coded in-person versus as coded with video recording
(Time shown in two-minute intervals; black indicates the behavior was identified in both modalities, pink indicates the behavior was
identified in-person only, yellow indicates the behavior was identified in the video recording only, white indicates the behavior was
not identified in either modality)

Coded
Video
Not Coded
Recording
Total

In-Person
Coded Not Coded
148
8
16
928
164
936

Total
156
944
1100

148+928
≈ 0.978
1100
(164×156)+(936×944)
𝑃𝑒 =
11002
0.978−0.751
𝜅 = 1−0.751 ≈ 0.912

Observed agreement: 𝑃𝑜 =
Agreement expected by chance:
Cohen’s kappa:

≈ 0.751

Standard error of Cohen’s kappa: 𝑆𝐸𝜅 = √ 0.978×(1−0.978)2 ≈ 0.018
1100×(1−0.751)
95% Confidence Interval (CI): 𝐶𝐼95% = 1.960 × 0.018 ≈ 0.035
Cohen’s kappa with 95% CI: (0.912 − 0.035) to (0.912 + 0.035)
0.878 to 0.947
Figure 4.3: Example Cohen’s kappa calculation for COPUS comparison shown in Figure 4.2
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Figure 4.4: Correlation of composite RTOP scores between modalities
(solid black line shows a hypothetical 1:1 relationship between composite score in-person
versus from video recording; dashed line shows the empirical relationship)
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CHAPTER 5 DISCUSSION & CONCLUSION
This chapter is first segmented with a discussion of the findings for each research
question. Then, the implications of this research in its totality are described. Next,
limitations of this research are acknowledged. Finally, recommendations for future
research are presented.
5.1 RESEARCH QUESTION #1
Research question #1 asks: to what extent can existing classroom observation
protocols characterize the behaviors of instructors and students in introductory GIS
courses? Both classroom observation protocols tested in this research show great
promise for use in GIS classrooms.
COPUS, a segmented protocol, was found to be able to describe the student and
teacher behaviors throughout the class sessions offering almost a play-by-play of what
was going on in the classroom. Some behaviors were unable to be categorized by COPUS,
such as students working on computers, but new behaviors could be added to the
protocol and training created to ensure observations of the behavior were made reliably.
Many observed class sessions incorporating students working informally together on GIS
applications, caused nearly all the classroom observations to be classified as interactive
lectures. This is contrary to the findings of Stains et al. (2018) who found didactic teaching
practices to be the most common among STEM educators.
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RTOP, a holistic protocol, was found to be able to distinguish variations in studentcenteredness vs teacher-centeredness among GIS class sessions. Differences along this
continuum were observed not only between different instructors but also in different
class sessions of the same instructor depending upon the instructors’ teaching practices.
Consistent with the findings of RTOP usage in other STEM disciplines (e.g., Teasdale et al.,
2020), the observed class sessions were primarily teacher-centered.
Existing classroom observation protocols were designed for and validated with inperson observations. Logistically and financially, this operational requirement is a barrier
to the widespread collection of classroom observation data. If observations can be
conducted from video recordings of class sessions as reliably as in-person, there is an
opportunity for large-scale collection of teaching practice data where instructors could
contribute video recordings of their class sessions for analysis.
The findings presented here suggests that both COPUS and RTOP can be used
reliably with video recordings of class sessions. “Almost perfect” agreement was found
between the pairs of classroom observations when using COPUS. This level of agreement
was similarly found in nearly all collapsed codes and some individual behavior codes.
Behavior codes observed very infrequently appear to be less reliable across observation
modality. Whether this discrepancy is real or an artifact of a smaller sample size could be
determined with future research.
The inter-modal reliability of the RTOP is less clear. Though the average difference
in composite score between pairs of classroom observations was less than 3 points (on a
100-point scale) it appears that when scored via video recording the score was
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consistently lower (i.e., more teacher-centered) than when scored in-person. However,
among the five scales of the RTOP, nearly 70% of items were scored identically across
modality and nearly all differences had a magnitude of only a single point.
To ascertain the potential cause of these inter-modal differences every item that
was scored differently during the in-person observation compared to the observation via
video recording was evaluated. This evaluation involved comparing the justification
described for the item as well as the contemporaneous notes written during the
respective observations. After this comparison, a short explanation of the discrepancy
was written. These evaluations were completed first observation by observation.
Ultimately, however, the evaluations were synthesized item-by-item; that is all the
explanations for discrepancies on item #1 were synthesized together, followed by all the
explanations for discrepancies on item #2, and so on.
If there were systematic issues causing specific RTOP items to be evaluated
differently between observation modality, this additional evaluation of discrepancies
item-by-item would have identified them. However, no such systematic issues were
identified. The vast majority of discrepancies involved an error correctly implementing
the RTOP rubric (Budd et al., 2013). Though the rater was calibrated both before the inperson observations and re-calibrated before the video recording observations,
differences of a few points in RTOP scores are not unusual and have been observed in
other studies (Teasdale et al., 2020; Viskupic et al., 2019). These discrepancies can be
minimized when multiple raters complete an observation and reconcile differences
between their scores.
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Therefore, to continue advancing this research, additional raters should be
calibrated on these protocols so they can observe additional GIS class sessions. When the
inter-modal reliability can be demonstrated across multiple raters, the widespread video
recording of GIS class sessions can begin. The data and insights learned from these
classroom observations could rejuvenate GIS education by providing the data to
empirically discover evidence-based best teaching practices.
5.2 RESEARCH QUESTION #2
Research question #2 asks: to what extent do the teaching beliefs of introductory
GIS instructors impact their teaching practices? Overall, though there were some
differences, there was a remarkable consistency between the six participating instructors’
teaching beliefs (Table 4.5 column-wise). Among this sample of instructors, teaching
beliefs regarding their role as a teacher (TBI #2), knowing when students understand (TBI
#3), deciding what to teach (TBI #4), and deciding when to move on to a new topic (TBI
#5) tended to be instructive (i.e., somewhat teacher-centered). Teaching beliefs about
maximizing student learning (TBI #1), how students learn GIS best (TBI #6), and knowing
when learning is occurring (TBI #7) tended to be transitional (the classification in between
teacher-centered and student-centered). This variation of teaching beliefs among the
different items of the TBI illustrate the utility of having a reliable protocol to characterize
various aspects of teaching beliefs; the nuance in teaching beliefs can be captured via this
interview protocol. Whether this profile of teaching beliefs is representative of the entire
population of GIS instructors is an open question; this sample of six instructors is much
too small to allow for such a generalization to be made. Besides the small sample size,
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these instructors were all from research intense institutions in the same geographic area.
Variation in teaching beliefs could exist between instructors in different locations or
teaching at different institution types.
The four instructors at Site 1 completed the Teacher Belief Interview both before
their semester of classroom observation and afterward. Some items were coded
differently between these two interviews for three of the instructors (Table 4.5 row-wise).
In total, responses to ten items were coded differently. Seven of these differences were
different by one classification level (i.e., either more student-centered or more teacher
centered). Three of the differences were different by two classification levels.
One potential explanation for this could be that the instructor’s teaching beliefs
changed during the semester. In fact, it could have been the instructor’s participation in
this research that precipitated these changes. Such changes are not unheard of; a 2.5year longitudinal study of teaching beliefs of nine early-career chemistry faculty
determined that teaching beliefs changed for six of the instructors (Popova et al., 2021).
Additional surveying or interviewing of the instructors would have been necessary to
identify causes of changes in teaching beliefs.
Another potential explanation is that the instructors teaching beliefs remained the
same, consistent with Pajares (1992) finding that teaching beliefs are resilient against
change, but they verbalized different components of their overall teaching beliefs at
different interviews. This too has precedent: Popova et al. (2021) found that instructors
expressed a greater number of unique beliefs during their second interview. This was
consistent with the interviews conducted here. In fact, the instructors communicated so
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much more during the post-course interviews that, on average, they were 15 minutes
longer than the pre-course interviews. Also, the instructors post-course responses often
included anecdotes from the past semester. Perhaps with the semester so recently in the
past, those experiences and their connections with their teaching beliefs were on their
mind. During the pre-course interview, the instructor could have brought in prior teaching
experiences, but none did anywhere near as much as they did in the post-course
interview.
Whether these apparent differences in teaching belief are truly changes in
teaching belief or manifestations of a more complex teaching belief being explained
differently between interviews, teaching practices were found to be largely consistent
with teaching beliefs. Overwhelmingly the instructors described students learning GIS
best by doing GIS and their role as a teacher being to provide and facilitate those
experiences. These types of experiences were frequently observed though some
observations were more didactic and lecture-oriented. In many of these classes, the
instructor described in their contemporaneous reflection a desire to involve the students
in a more active way. This illustrates that instructors, at least when prompted to do so,
can identify discrepancies between their teaching practices and their teaching beliefs.
5.3 RESEARCH QUESTION #3
Research question #3 asks: what are the interests, motivations, learning
strategies, and course experiences of introductory GIS students? Consistent with previous
literature (Blaschke & Merschdorf, 2014), the student population of these introductory
GIS courses were quite diverse (Table 4.6). However, their levels of personal interest,
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perceived disciplinary relevance, and perceived employability were essentially the same
regardless of site or section (Table 4.7) along with their motivation profiles and selfreported learning strategies (Table 4.8). Despite these similarities and similarities in
overall satisfaction at Site 1, many scales of the students’ experience were found to vary
significantly between sections (Table G.8). This suggests that students’ course
experiences varied depending how the sections were taught or perhaps how they were
structured. Each section was taught by a different instructor, so this seems quite likely.
Comparing Site 1 with Site 2, the only CEQ scale with a difference was the learning
community scale (Table 4.9). This could be an artifact of Site 2 having an abrupt transition
to online learning because of the global COVID-19 pandemic.
In Barros’s (2017) framework for differentiating GIS instruction, several of his
design elements seem to be readily relatable to the scales of the CEQ (Table 5.1). Perhaps
the CEQ could be used by future GIS instructors to help them regulate those design
elements in their course. Similarly, the GISCSII could provide instructors information
about what their students are personally interested in or perceive as relevant for their
discipline or employability which could aid the instructor’s thought-process when
concerning what knowledge areas to teach. If future research were able to correlate the
learning strategies of the MSLQ with student achievement in introductory GIS courses,
the MSLQ would be an invaluable diagnostic tool informing instructors what learning
strategies their students lacked allowing them to help their students develop those
learning strategies.
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This is not a recommendation for courses to be completely built around the whims
of students. The judgement and discernment of the instructor remains a valuable
component of any course. Nevertheless, the voices of students ought to be heard and, at
a very minimum, their perspectives carefully considered.
5.4 LIMITATIONS
Though the researcher calibrated and re-calibrated on each observation protocol,
further reliability could have been established with the inclusion of additional raters. As
described earlier, many of the inconsistencies between in-person observations and
observations from the video recording were either mistakes (such as the RTOP rubric
being applied incorrectly) or variability of how certain behaviors were coded (particularly
when using COPUS). With additional raters, their evaluations could have been reconciled
through discussion, thereby minimizing inconsistencies such as these. Unfortunately,
logistical and financial constraints prevented the inclusion of additional raters during this
research.
Though discussed throughout the earlier chapters, the impact of the COVID-19
pandemic on this research must be re-acknowledged here. The research process at Site 1
was completely unaffected by the pandemic, but the research process at Site 2 was
affected rather considerably: three classroom observations for each instructor were
cancelled when classes moved online, only a single in-person focus group was able to be
completed before classes moved online, and no doubt the course experience of the
students were impacted by the rapid transition to online learning. Despite these
differences, many conclusions were still able to be drawn from the research at Site 2.
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5.5 FUTURE RESEARCH DIRECTIONS
The findings from this research lay the groundwork for further research questions
that ought to be considered by the GIS education community.
5.5.1 Future Research with Classroom Observation Protocols
Segmented observation protocols like COPUS could be modified with new
behaviors which are more aligned with the observed behaviors in GIS classrooms. For
example, a new code for students using computers could be established. This would allow
for that behavior to be classified more appropriately than the current process of marking
Other, allowing the Other category to be used exclusively for less common behaviors.
Perhaps this code of students using computers could be subdivided into more specific
codes like students actively using computers (e.g., using GIS software) versus students
passively using computers (e.g., following along a PowerPoint presentation on their
computer). Any changes to the observation protocol would require establishing new
training materials and pilot testing to ensure that these behaviors can be coded reliably.
With inter-modal reliability of these observations established, the discipline of GIS
could begin to amass a repository of video recorded class sessions. Without any additional
data, such a repository would allow researchers to establish a baseline of teaching
practices in GIS classes. Like the research of Stains et al. (2018), this could find there to be
multiple profiles of GIS teaching. If an assessment were created to characterize students’
understanding of GIS concepts and/or skills reliably and validly, classroom observation
data could be correlated to assessment results to ascertain whether and to what extent
different teaching practices influence student learning.
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Another aspect of teaching practice that ought to be further researched is the
curricular materials used in the course such as lab documents or homework assignments.
For example, through document analysis, these artifacts could be assessed for their level
of inquiry like was done in Buck et al. (2008). The levels of inquiry described in their
methodology, confirmation to authentic inquiry, correlate very well with the teachercentered to student-centered spectrum of the RTOP and the TBI. Therefore, analyzing
these artifacts would provide additional data about the teaching practices in the course.
5.5.2 Future Research Regarding Teaching Beliefs
The data collected here demonstrate widespread continuity between teaching
beliefs and teaching practice. This suggests altering teaching beliefs could precipitate
changes in teaching practice. Therefore, research on how teaching beliefs are (or are not)
modified through professional development should be conducted. Perhaps, as suggested
by Pajares (1992), teaching beliefs are formed so early and are so resilient that a single
intervention such as professional development would have little effect on teaching
beliefs. Conceivably, the teaching beliefs of graduate students and early career faculty
may be more moldable so professional development would be more transformative to
them. Recently published research with future geoscience faculty (Chapman &
McConnell, 2021) found teaching beliefs became more reformed (i.e., student-centered)
with long-term professional development. This proposed research would need to be
followed-up to determine to what extent any changes in teaching beliefs were ultimately
reflected in their teaching practice.
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5.5.3 Future Research Regarding Student Perspectives
Many student factors potentially contribute to student success in a GIS course.
The MSLQ provides a mechanism for quantifying some of these factors: motivations and
learning strategies. For example, could a student’s self-efficacy for learning and
performance impact their success? Srivastava and Tait (2012) found their weeks-long
activity with frequent opportunities for formative feedback to increase students’
confidence and students’ ability. With a questionnaire like the MSLQ, one may be able to
determine if such an increase in student success is causally related to an increase in
student confidence or if some other mediating factor is involved. Similarly, if particular
learning strategies were shown to improve GIS learning, the MSLQ could be used as a
diagnostic tool to assess which learning strategies need to be developed the most among
the students in a class.
Since the course design elements of Barros (2017) are aligned with the scales of
the CEQ (Table 5.1), the CEQ could be used as a diagnostic tool to evaluate the
effectiveness of a course design change. For example, if the instructor modified the
course’s pace, students’ responses on the appropriate workload scale should reflect that.
Despite the CEQ capturing only the student’s course experiences and not their success in
the course (a much more challenging construct to measure), insights on the students’
experience can facilitate the instructor to make course design changes most appropriate
for their students.
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5.6 OVERALL IMPLICATIONS
GIS education, along with geography education more broadly, would benefit from
the adoption of the conceptual frameworks, research methodologies, and research
protocols developed by other discipline-based education researchers. For decades, the
discipline has lamented the lack of rigorous education research while simultaneously
other disciplines, particularly STEM disciplines, were reaping the benefits of disciplinebased education research. Much as GIS has become increasingly interdisciplinary and
multidisciplinary, the time has come for GIS education research to incorporate and
contribute back to the broader movement of discipline-based education research.
Concrete next steps include discipline-specific professional development as well
as the creation and distribution of curricular materials. Professional development in other
disciplines has been shown to modify both teaching beliefs and teaching practice (e.g.,
Viskupic et al., 2019). Similarly, research by Teasdale et al. (2020) demonstrated that
adoption of curricular materials written specifically to incorporate student inquiry
resulted in more student-centered teaching practices. Actions such as these could begin
at a small scale such as a university’s geography department where the results could start
to be apparent within a semester or two. Organizations such as UCGIS or the American
Association of Geographers could also assist in the organizing, funding, and administering
such projects on a wider scale to rejuvenate GIS pedagogies more broadly.
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5.7 TABLES
Table 5.1: Comparison of Barros Design Elements to Comparable CEQ Scales
Barros (2017) Design Element CEQ (Griffin et al., 2003) Scale
Content Intellectual Motivation
Practical Exercises Generic Skills
Appropriate Assessment
Assessment
Clear Goals and Standards
Pace Appropriate Workload
Good Teaching
Mode
Learning Community
Student Support
Level of Support
Learning Resources
Level of Difficulty Graduate Qualities
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APPENDIX A REFORMED TEACHING OBSERVATION PROTOCOL
Each of the following items should be evaluated on a five-point Likert scale where
a “0” means “never occurred” and a “4” means “very descriptive” (Budd et al., 2013).
Additional details to discriminate between the five-point Likert scale can be found in
Teasdale et al. (2017).
A.1 LESSON DESIGN AND IMPLEMENTATION
1) Instructional strategies and activities respected students' prior knowledge and the
preconceptions inherent therein.
2) The lesson was designed to engage students as members of a learning community.
3) In this lesson, student exploration preceded formal presentation.
4) This lesson encouraged students to seek and value alternative modes of investigation
or of problem solving.
5) The focus and direction of the lesson was often determined by ideas originating with
students.
A.2 PROPOSITIONAL PEDAGOGIC KNOWLEDGE
6) The lesson involved fundamental concepts of the subject.
7) The lesson promoted strongly coherent conceptual understanding.
8) The teacher had a solid grasp of the subject matter content inherent in the lesson.
9) Elements of abstraction (i.e., symbolic representations, theory building) were
encouraged when it was important to do so.
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10) Connections with other content disciplines and/or real world phenomena were
explored and valued.
A.3 PROCEDURAL PEDAGOGIC KNOWLEDGE
11) Students used a variety of means (models, drawings, graphs, symbols, concrete
materials, manipulatives, etc.) to represent phenomena.
12) Students made predictions, estimations, and/or hypotheses (PEH) and devised means
for testing them.
13) Students were actively engaged in thought-provoking activity that often involved the
critical assessment of procedures.
14) Students were reflective about their learning.
15) Intellectual rigor, constructive criticism, and the challenging of ideas were valued.
A.4 STUDENT – STUDENT INTERACTION
16) Students were involved in the communication of their ideas to others using a variety
of means and media.
17) The teacher's questions triggered divergent modes of thinking.
18) There was a high proportion of student talk and a significant amount of it occurred
between and among students.
19) Student questions and comments often determined the focus and direction of
classroom discourse.
20) There was a climate of respect for what others had to say.
A.5 STUDENT – INSTRUCTOR INTERACTION
21) Active participation of students was encouraged and valued.
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22) Students were encouraged to generate conjectures, (or) alternative solutions, and/or
different ways of interpreting evidence.
23) In general, the teacher was patient with the students.
24) The teacher acted as a resource person, working to support and enhance student
investigations.
25) The metaphor "teacher as listener" was very characteristic of this classroom.
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APPENDIX B CLASSROOM OBSERVATION PROTOCOL FOR UNDERGRADUATE STEM
Behavior codes from Smith et al. (2013). Collapsed codes from Smith et al. (2014).
Table B.1: Description of collapsed COPUS codes

Student Behaviors

Collapsed
Categories
Receiving
Talking to Class

Working

Other

Instructor Behaviors

Presenting

Guiding

Administration
Other

Code Description
L
AnQ
SQ
WC
SP
Ind
CG
WG
OG
Prd
TQ
W
O
Lec
RtW
D/V
Fup
PQ
CQ
AnQ
MG
1o1
Adm
W
O

Listening to instructor
Student answering question posed by instructor
Student asks question
Students engaged in whole-class discussion
Students presenting to entire class
Individual thinking / problem solving
Discussing clicker question in groups of students
Working in groups on worksheet activity
Other assigned group activity
Making a prediction about a demo or experiment
Test or quiz
Waiting (instructor late, working on fixing technical
problems)
Other
Lecturing or presenting information
Real-time writing
Showing or conducting a demo, experiment or simulation
Follow-up / feedback on clicker question or activity
Posing non-clicker question to students (non-rhetorical)
Asking clicker question
Listening to and answering student questions to entire
class
Moving through class guiding ongoing student work
One-on-one extended discussion with individual students
Administration (assign homework, return tests, etc.)
Waiting (instructor late, working on fixing technical
problems)
Other
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APPENDIX C MOTIVATED STRATEGIES FOR LEARNING QUESTIONNAIRE
This questionnaire was originally published by Pintrich et al. (1991). All questions
are evaluated by participants on a seven-point Likert-style scale where “1” means “not at
all true of me” and “7” means “very true of me.” Questions of the motivation scales were
presented before the questions related to the learning strategies scales. The order of the
questions within each section was randomized. The way some questions were written
requires their scores to be reversed; such questions have been indicated below. Before
beginning these questions, participated were asked to volunteer their self-generated
identification code. Before the questions are shown for each scale, a brief description
from Pinctrich et al. (1991) is provided.
C.1 SELF-GENERATED IDENTIFICATION CODE
− What are the last four digits of your cell phone number?
(Your response will be used to link your responses on this survey to past and future
survey responses. If you prefer, use a random four-digit number, but use the same fourdigit number from past surveys.)
C.2 MOTIVATION SCALES
C.2.1 Value Components: Intrinsic Goal Orientation
The degree to which the student perceives herself to be participating in a
task for reasons such as challenge, curiosity, mastery… The student’s
participation in the task is an end all to itself, rather than participation
being a means to an end. (p. 9)
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− In a class like this, I prefer course material that really challenges me so I can learn
new things.
− In a class like this, I prefer course material that arouses my curiosity, even if it is
difficult to learn.
− The most satisfying thing for me in this course is trying to understand the content as
thoroughly as possible.
− When I have the opportunity in this class, I choose course assignments that I can
learn from even if they don’t guarantee a good grade.
C.2.2 Value Components: Extrinsic Goal Orientation
The degree to which the student perceives herself to be participating in a
task for reasons such as grades, rewards, performance, evaluation by
others, and competition… Engaging in a learning task is the means to an
end. (p. 10)
− Getting a good grade in this class is the most satisfying thing for me right now.
− The most important thing for me right now is improving my overall grade point
average, so my main concern in this class is getting a good grade.
− If I can, I want to get better grades in this class than most of the other students.
− I want to do well in this class because it is important to show my ability to my family,
friends, employer, or others.
C.2.3 Value Components: Task Value
Refers to the student’s evaluation of how interesting, how important, and
how useful the task is… Task value refers to the students’ perceptions of
the course material in terms of interest, importance, and utility. (p. 11)
− I think I will be able to use what I learn in this course in other courses.
− It is important for me to learn the course material in this class.
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− I am very interested in the content area of this course.
− I think the course material in this class is useful for me to learn.
− I like the subject matter of this course.
− Understanding the subject matter of this course is very important to me.
C.2.4 Expectancy Components: Control of Learning Beliefs
Refers to students’ beliefs that their efforts to learn will result in positive
outcomes. It concerns the belief that outcomes are contingent on one’s
own effort, in contrast to external factors such as the teacher. (p. 12)
− If I study in appropriate ways, then I will be to learn the material in this course.
− It is my own fault if I don’t learn the material in this course.
− If I try hard enough, then I will understand the course material.
− If I don’t understand the course material, it is because I didn’t try hard enough.
C.2.5 Expectancy Components: Self-Efficacy for Learning and Performance
A self-appraisal of one’s ability to master a task. Self-efficacy includes
judgements about one’s ability to accomplish a task as well as one’s
confidence in one’s skills to preform that task. (p. 13)
− I believe I will receive an excellent grade in this class.
− I’m certain I can understand the most difficult material presented in the readings for
this course.
− I’m confident I can learn the basic concepts taught in this course.
− I’m confident I can understand the most complex material presented by the
instructor in this course.
− I’m confident I can do an excellent job on the assignments and tests in this course.
− I expect to do well in this class.
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− I’m certain I can master the skills being taught in this class.
− Considering the difficulty of this course, the teacher, and my skills, I think I will do
well in this class.
C.2.6 Affective Components: Test Anxiety
Thought to have two components: a worry, or cognitive component, and
an emotionality component. The worry component refers to students’
negative thoughts that disrupt performance, while the emotionality
component refers to affective and physiological arousal aspects of anxiety.
(p. 15)
− When I take a test I think about how poorly I am doing compared with other
students.
− When I take a test I think about items on other parts of the test I can’t answer.
− When I take tests I think of the consequences of failing.
− I have an uneasy, upset feeling when I take an exam.
− I feel my heart beating fast when I take an exam.
C.3 LEARNING STRATEGIES SCALES
C.3.1 Cognitive and Metacognitive Strategies: Rehearsal
Reciting strategies involve reciting or naming items from a list to be
learned. (p. 19)
− When I study for this class, I practice saying the material to myself over and over.
− When studying for this course, I read my class notes and course readings over and
over again.
− I memorize key words to remind me of important concepts in this class.
− I make lists of important items for this course and memorize the lists.
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C.3.2 Cognitive and Metacognitive Strategies: Elaboration
Include[s] paraphrasing, summarizing, creating analogies, and generative
note-taking. (1991, p. 20)
− When I study for this class, I pull together information from different sources, such
as lectures, readings, and discussions.
− I try to relate ideas in this subject to those in other courses whenever possible.
− When reading for this class, I try to relate the material to what I already know.
− When I study for this course, I write brief summaries of the main ideas from the
readings and my class notes.
− I try to understand the material in this class by making connections between the
readings and the concepts from the lectures.
− I try to apply ideas from course readings in other class activities such as lecture and
discussion.
C.3.3 Cognitive and Metacognitive Strategies: Organization
Select[ing] information and also construct[ing] connections among the
information to be learned. Examples of an [sic] organizing strategies are
clustering, outlining, and selecting the main idea in reading passages. (p.
21)
− When I study the readings for this course, I outline the material to help me organize
my thoughts.
− When I study for this course, I go through the readings and my class notes and try to
find the most important ideas.
− I make simple charts, diagrams, or tables to help me organize course material.
− When I study for this course, I go over my class notes and make an outline of
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important concepts.
C.3.4 Cognitive and Metacognitive Strategies: Critical Thinking
Refers to the degree to which students report applying previous
knowledge to new situations in order to solve problems, reach decisions,
or make critical evaluations with respect to standards of excellence. (p. 22)
− I often find myself questioning things I hear or read in this course to decide if I find
them convincing.
− When a theory, interpretation, or conclusion is presented in class or in the readings, I
try to decide if there is good supporting evidence.
− I treat the course material as a starting point and try to develop my own idea about
it.
− I try to play around with ideas of my own related to what I am learning in this course.
− Whenever I read or hear an assertion or conclusion in this class, I think about possible
alternatives.
C.3.5 Cognitive and Metacognitive Strategies: Metacognitive Self-Regulation
There are three general processes that make up metacognitive selfregulatory activities:… planning activities such as goal setting and task
analysis,… monitoring activities include[ing] tracking of one’s attention as
one reads, and self-testing and questioning,… and regulating [activities
such as]… fine-tuning and continuous adjustment of one’s cognitive
activities. (p. 23)
− During class time I often miss important points because I’m thinking of other things.
(reversed)
− When reading for this course, I make up questions to help focus my reading.
− When I become confused about something I’m reading for this class, I go back and
try to figure it out.
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− If course readings are difficult to understand, I change the way I read the material.
− Before I study new course material thoroughly, I often skim it to see how it is
organized.
− I ask myself questions to make sure I understand that material I have been studying
in this class.
− I try to change the way I study in order to fit the course requirements and the
instructor’s teaching style.
− I often find that I have been reading for this class but don’t know what it was all
about. (reversed)
− I try to think through a topic and decide what I am supposed to learn from it rather
than just reading it over when studying for this course.
− When studying for this course I try to determine which concepts I don’t understand
well.
− When I study for this class, I set goals for myself in order to direct my activities in
each study period.
− If I get confused taking notes in class, I make sure I sort it out afterwards.
C.3.6 Resource Management Strategies: Time and Study Environment
Time management involves scheduling, planning, and managing one’s
study time. This includes not only setting aside blocks of time to study, but
the effective use of that study time, and setting realistic goals… Study
environment management refers to the setting where the student does
class work. Ideally, the learner’s study environment should be organized,
quiet, and relatively free of visual and auditory distractions. (p. 25)
− I usually study in a place where I can concentrate on my course work.
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− I make good use of my study time for this course.
− I find it hard to stick to a study schedule. (reversed)
− I have a regular place set aside for studying.
− I make sure that I keep up with the weekly readings and assignments for this course.
− I attend this class regularly.
− I often find that I don’t spend very much time on this course because of other
activities. (reversed)
− I rarely find time to review my notes or readings before an exam. (reversed)
C.3.7 Resource Management Strategies: Effort Regulation
Students’ ability to control their effort and attention in the face of
distractions and uninteresting tasks. Effort management is selfmanagement, and reflects a commitment to completing one’s study goals,
even when there are difficulties or distractions. (p. 27)
− I often feel so lazy or bored when I study for this class that I quit before I finish what
I planned to do. (reversed)
− I work hard to do well in this class even if I don’t like what we are doing.
− When course work is difficult, I either give up or only study the easy parts. (reversed)
− Even when course materials are dull and uninteresting, I mange to keep working
until I finish.
C.3.8 Resource Management Strategies: Peer Learning
Collaborating with one’s peers… can help a learner clarify course material
and reach insights one may not have attained on one’s own. (p. 28)
− When studying for this course, I often try to explain the material to a classmate or
friend.
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− I try to work with other students from this class to complete the course assignments.
− When studying for this course, I often set aside time to discuss course material with
a group of students from the class.
C.3.9 Resource Management Strategies: Help Seeking
The student must learn to manage… the support of others. This includes
both peers and instructors. Good students know when they don’t know
something and are able to identity someone to provide them with some
assistance. (p. 29)
− Even if I have trouble learning the material in this class, I try to do the work on my
own, without help from anyone. (reversed)
− I ask the instructor to clarify concepts I don’t understand well.
− When I can’t understand the material in this course, I ask another student in this
class for help.
− I try to identify students in this class whom I can ask for help if necessary.
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APPENDIX D COURSE EXPERIENCE QUESTIONNAIRE
This questionnaire was originally published by Griffin et al. (Griffin et al., 2003). A
few slight modifications from the original were made. Specifically, references to “teaching
staff” and “lecturers” were changed to “instructors,” references to “field of study” and
“field of knowledge” were changed to “geographic information systems,” and some
questions about university-level student supports such as counseling services were
omitted. All questions are evaluated by participants on a five-point Likert-style scale
where “1” means “strongly disagree” and “5” means “strong agree.” Before beginning
these questions, participated were asked to volunteer their self-generated identification
code. The order of the questions was randomized except the overall satisfaction was
asked last. The way some questions were written requires their scores to be reversed;
such questions have been indicated below.
D.1 SELF-GENERATED IDENTIFICATION CODE
− What are the last four digits of your cell phone number?
(Your response will be used to link your responses on this survey to past and future
survey responses. If you prefer, use a random four-digit number, but use the same fourdigit number from past surveys.)
D.2 GOOD TEACHING
− The instructor put a lot of time into commenting on my work
− The instructor normally have me helpful feedback on how I was doing.
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− The instructor motivated me to do my best work.
− My instructor was extremely good at explaining things.
− The instructor worked hard to make their subject interesting.
− The instructor made a real effort to understand difficulties I might be having with my
work.
D.3 GENERIC SKILLS
− This course helped me develop my ability to work as a team member.
− This course sharpened my analytic skills.
− This course developed my problem-solving skills.
− This course improved my skills in written communication.
− As a result of this course, I feel confident about tackling unfamiliar problems.
− This course helped me to develop the ability to plan my own work.
D.4 CLEAR GOALS AND STANDARDS
− It was always easy to know the standard of work expected.
− I usually had a clear idea of where I was going and what was expected of me in this
course.
− It was often hard to discover what was expected of me in this course. (reversed)
− The instructor made it clear right from the start what they expected from students.
D.5 APPROPRIATE WORKLOAD
− I was generally given enough time to understand the things I had to learn.
− The sheer volume of work to be got through in this course means it couldn’t all be
thoroughly comprehended. (reversed)
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− The workload was too heavy. (reversed)
− There was a lot of pressure on me as a student in this course. (reversed)
D.6 APPROPRIATE ASSESSMENT
− To do well in this course all you really needed was a good memory. (reversed)
− The instructor seemed more interested in testing what I had memorized than what I
had understood. (reversed)
− Too many questions asked me just about facts. (reversed)
D.7 INTELLECTUAL MOTIVATION
− I found my studies intellectually stimulating.
− I found this course motivating.
− This course stimulated my interest in geographic information systems.
D.8 STUDENT SUPPORT
− I was able to access information technology resources when I needed them.
− I was satisfied with the course and careers advice provided.
D.9 GRADUATE QUALITIES
− This course provided me with a broad overview of geographic information systems.
− This course developed my confidence to investigate new ideas.
− This course stimulated my enthusiasm for further learning.
− I learned to apply principles from this course to new situations.
− I consider what I learned valuable for my future.
− My experience in this course encouraged me to value perspectives other than my
own.
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D.10 LEARNING RESOURCES
− The study materials were clear and concise.
− It was made clear what resources were available to help me learn.
− Course materials were relevant and up to date.
− Where it was used, the information technology in teaching and learning was
effective.
D.11 LEARNING COMMUNITY
− I felt part of a group of students and instructor committed to learning.
− Students’ ideas and suggestions were used during the course.
− I learned to explore ideas confidently with other people.
− I was able to explore academic interests with the instructor and other students.
D.12 OVERALL SATISFACTION
− Overall, I was satisfied with the quality of this course.
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APPENDIX E TEACHER BELIEFS INTERVIEW, ADAPTIONS, AND CODEBOOK
E.1 ORIGINAL INTERVIEW PROTOCOL FROM LUFT & ROEHRIG (2007)
1) How do you maximize student learning in your classroom?
2) How do you describe your role as teacher?
3) How do you know when your students understand?
4) In the school setting, how do you decide what to teach and what not to teach?
5) How do you decide when to move on to a new topic in your class?
6) How do your students learn science best?
7) How do you know when learning is occurring in your classroom?
E.2 SLIGHTLY MODIFIED INTERVIEW PROTOCOL USED IN THIS RESEARCH
1) How do you maximize student learning in your classroom?
2) How do you describe your role as teacher?
3) How do you know when your students understand?
4) In the school setting, how do you decide what to teach and what not to teach?
5) How do you decide when to move on to a new topic in your class?
6) How do your students learn science GIS best?
7) How do you know when learning is occurring in your classroom?
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Table E.1: Excerpts from Teacher Beliefs Interview Codebook (Luft & Roehrig, 2007)

1) How do you
maximize
student
learning in your
classroom?

Traditional
Teacher provides
information in a
structured
environment

2) How do you
Focus on
describe your
information and
role as teacher? structure

Instructive
Teacher monitors
student actions or
behaviors during
instruction

Transitional
Teacher creates a
classroom
environment that
involves the
student

Focus on providing
experiences
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Focus on
teacher/student
relationships or
student
understanding
When they can
When they give an
reiterate or
explanation or
demonstrate what response that is
has been presented related to the
presented
information

3) How do you
know when
your students
understand?

When they receive
the information

4) In the school
setting, how do
you decide
what to teach
and what not to
teach?

Decision guided by Decision based on
adopted curriculum teacher focus /
or other school
direction
factor

Decision in which
some modification
is based on student
feedback

Responsive
Teacher designs
the classroom
environment to
enable students to
interact with each
other and their
knowledge
Focus on
collaboration
between teacher
and student
When they can
utilize the
presented
knowledge

Decision based on
student feedback
and other possible
factors

Reform-based
Teacher depends
upon student
responses to design
an environment
that allows for
individualized
learning
Focus on mediating
student prior
knowledge and the
knowledge of the
discipline
When they can
apply knowledge in
a novel setting or
construct
something novel
that is related to
the knowledge
Decision based
upon student focus
and guiding
documents (e.g.,
standards,
research)

Traditional
Instructive
Directed by teacher Directed by
teacher, based on
basic student
understanding of
facts and concepts

Transitional
Teacher decision
based on limited
student feedback
or ability of the
teacher

Responsive
Decision based on
student feedback
that potentially
involves revisiting
concepts

6) How do your
students learn
science best?

From the teacher

By mimicking the
teacher

By using
procedures /
guidelines

By encountering
and interpreting
phenomena

7) How do you
know when
learning is
occurring in
your
classroom?

Determined by
action of students
during instruction.
Emphasis is on
order and attention
as related to the
student

Determined
through measured
given by the
teacher. Emphasis
is on the
correctness of the
student responses
to the measure

Determined
through subjective
conclusions about
the student

Students interact
with their peers or
the teacher about
the topic.
Responses are
limited or
preliminary

5) How do you
decide when to
move on to a
new topic in
your class?
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Reform-based
decision based
upon an on-going
evaluation and
considers students'
abilities to
demonstrate
understanding in
different ways.
May involve the
modification of
lessons
By eliciting,
encountering, and
constructing their
ideas about
phenomena
Students initiate
significant
interactions with
one another and /
or the teacher
about the topic

APPENDIX F GEOGRAPHIC INFORMATION SYSTEMS CONCEPTS AND SKILLS INTEREST
INVENTORY
F.1 DEMOGRAPHIC INFORMATION
− Course Section?
− Academic Standing?
− Full-Time or Part-Time?
− Major(s)?
− Minor(s)?
− Is this course satisfying a major and/or minor requirement?
− Gender? (Select one: male, female, other, prefer not to answer)
− Race? (Select all that you identify with: White, Black or African American, American
Indian or Alaska Native, Asian, Native Hawaiian or Pacific Islander, Other)
F.2 SELF-GENERATED IDENTIFICATION CODE
− What are the last four digits of your cell phone number?
(Your response will be used to link your responses on this survey to past and future
survey responses. If you prefer, use a random four-digit number, but use the same fourdigit number on future surveys.)
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F.3 PERCEPTIONS ABOUT GIS CONCEPTS AND SKILLS
Each time students were asked to rate the knowledge areas on different five-point
Likert-style scales:
− Rate your level of personal interest on the following (1 – no interest at all; 5 –
extremely interested)
− As a (auto-filled with their earlier response) major, rate your perceived disciplinary
relevance for each of the following (1 – not relevant at all; 5 – extremely relevant)
− Rate how each of the following related to your perceptions of employability (1 –
unnecessary for employment; 5 – vital for employment)
Each time a knowledge area was presented, it was accompanied with the basic
descriptions below.
F.3.1 Analytical Methods
A wide variety of operations whose objective is to derive analytical results from geospatial
data. Building on the basic geometric measures and analytical operations found in most
GIS products, a broad range of additional analytical methods form the fundamental GIS
toolkit.
F.3.2 Conceptual Foundations
Geographic phenomena, geographic information, and geographic tasks are described in
terms of space, time, and properties. Different theories exist as to the nature and formal
representation of these aspects and have been synthesized to create general conceptual
models of geographic information.
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F.3.3 Cartography and Visualization
Effective visual thinking and communication of geospatial data and the results of
geospatial analysis.
F.3.4 Data Modeling
The translation of reality into data structures that are capable of being implemented
within a GIS.
F.3.5 Geospatial Data
Geospatial data represent measurements of the locations and attributes of phenomena
at or near Earth’s surface.
F.3.6 GIS&T and Society
Political struggles arise from conflicting interests about who benefits from geospatial
information, and how the power to allocate the use of this information is, or should be,
distributed among members of a society. The need to choose among conflicting interests
sometimes poses ethical dilemmas for GIS&T professionals.
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APPENDIX G FOCUS GROUP CODING CODEBOOK
This codebook categorizes themes that emerged from the student focus groups
that did not correspond to any of the scales of the GISCSII, MSLQ, or CEQ. Only themes
with 10 or more coded excerpts are included. Codes are sorted by the number of excerpts.
Note that a single excerpt could be coded with multiple codes.
Label
Lab
document

𝒏 Description
41 References to the lab
document including
how they use it or
critiques of how it is set
up

Procedural
purpose

35 References to a desire
of understanding why
they are doing a
particular procedure

Other
courses

29 References to another
course; always coded
regardless of why
another course was
referenced
26 References to using GIS
software in a haphazard
way; often describing as
fumbling around, trial
and error, or messing
around

GIS tinkering
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Exemplar Excerpts
• “for me, I read through the PDF,
like step by step.” (Student 12)
• “the instructions needed to stay
concise that way it's actually worth
using them and going through
them” (Student 2)
• “I don't know why I did it. Like I
know that it's necessary, but like, I
don't know why.” (Student 11)
• “I feel like a lot of the times I'll like
click on a series of things, but like, I
have no idea like what it really
means.” (Student 3)
• “I initially took geography 105
because I didn't want to take a
math credit” (Student 8)
• “in high school, I took AP human
geography” (Student 12)
• “tinker with it at home” (Student
12)
• “I definitely do learn from like,
trying out different things and
seeing what works and what
doesn't work.” (Student 6)

Label
Pacing

Technical
limitations

𝒏 Description
23 References to the
tempo of the course;
could include
references to the pacing
of particular
assignments, the class
sessions, or the course
more broadly
20 References to
technology being a
barrier to their learning

Exemplar Excerpts
• “it's very fast paced” (Student 13)
• “I feel like I've struggled quite a bit
to keep pace with all with
everyone.” (Student 7)

•
•

Affective
domain

19 References to student’s
emotions or feelings

•
•

Conceptual
vs
procedural

19 References where the
student differentiated
GIS conceptual
knowledge with
procedural knowledge

152

•
•

“I do not have ArcMap on my
computer…. My computer it too
bad” (Student 4)
“Because they've been working on
the USC servers and stuff there
were problems with licensing”
(Student 2)
“I like get freaked out by
computers.” (Student 5)
“’okay just calm down. Just wait.
It's gonna take a while things are
longer now things take longer and
that's ok’” (Student 13)
“teaching how to use a software
tool is different than teaching a
topic.” (Student 10)
“I feel we're developing that
understanding of spatial analysis.
You can't really, you have to know
it what the difference between
rasters and vectors and all this
stuff, you have to start generating
an idea of to successfully use
ArcGIS.” (Student 7)

Label
Lab
availability

𝒏 Description
14 References to the
(un)availability of a GISenabled computer lab

Technical
competency

14 References to technical
competencies as a help
or a hindrance to GIS
learning

Class length

12 References to the
length of the class
session
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Exemplar Excerpts
• “it's hard when the only times you
can really use the software are
when you're in the classroom or
between the time it's like, you
know, like Gambrell is open to go
use.” (Student 8)
• “And the only like really available
lab time I'm aware of is the class
immediately before that one
because it's never really in there”
(Student 2)
• “I mean, I’m not by any means, like
a computer science person… So I
don't really usually deal with that
kind of software” (Student 9)
• “It's kind of a computer class but
the people in there are not
necessarily computer people, if
that makes any sense?” (Student 4)
• “But I think that it's just not a great
like, for what we're doing in the
class. Like, it needs to be longer
than 50 minutes. Because like, I
feel like a lot of the days when we
have labs, like, I'll just be really like
rushing to get it done, instead of
like, taking the time to like, really,
like figure out what's going on.”
(Student 3)
• “But sometimes they take too little
of time, like I find that we're maybe
only there for like 20 minutes. I'm
like, ‘well, that was fun.’” (Student
1)

APPENDIX H DISAGGREGATED QUESTIONNAIRE STATISTICS FOR SITE 1
Table H.1: Scale Statistics for GISCSII Responses (Site 1)
(𝑛 = 48)

𝑥̅ (SD)
Personal Interest (PI) 3.80 (0.702)
Disciplinary Relevance (DR) 4.26 (0.694)
Employability (E) 3.99 (0.734)

Shapiro-Wilk
𝑝
0.002
< 0.001
< 0.001

Kruskal-Wallis
𝑝
𝜀2
0.775 0.0109
0.300 0.0513
0.070 0.1130

Table H.2: Descriptive Statistics for All GISCSII Questions (Site 1)
(𝑛 = 48)
Analytical Methods (AM)
Conceptual Foundations (CF)
Cartography & Visualization (CV)
Data Modeling (DM)
Geospatial Data (GD)
GIS&T and Society (GS)
All Scale Items

Personal
Interest
𝑥̅ (SD)
3.48 (1.09)
3.88 (0.96)
4.04 (1.05)
3.75 (1.04)
3.88 (1.00)
3.77 (1.21)
3.80 (0.70)
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Disciplinary
Relevance
𝑥̅ (SD)
4.33 (0.91)
4.17 (0.98)
4.31 (0.83)
4.33 (0.93)
4.31 (0.93)
4.10 (1.04)
4.26 (0.70)

Employability
𝑥̅ (SD)
4.15 (1.01)
3.88 (1.04)
3.92 (0.96)
4.29 (0.87)
4.04 (0.90)
3.69 (1.22)
3.99 (0.73)

Table H.3: Wilcoxon Rank-Sum Tests between GISCSII Knowledge Areas by Scale (Site 1)
Personal Interest
AM CF CV DM GD GS
AM -- 0.03 0.01 0.10 0.03 0.17
CF *
-- 0.15 0.40 0.90 0.70
CV **
-- 0.06 0.21 0.21
DM
-- 0.31 0.92
GD *
-- 0.66
GS
-Note: * 𝑝 < 0.05 ** 𝑝 < 0.01 *** 𝑝 < 0.001

AM
CF
CV
DM
GD
GS

Disciplinary Relevance
AM CF CV DM GD
-- 0.27 1.00 1.00 0.84
-- 0.27 0.44 0.42
-- 0.98 1.00
-- 0.94
--

GS
0.17
0.69
0.08
0.22
0.21
--

Employability
AM CF CV DM
AM -- 0.09 0.13 0.28
CF
-- 0.88 0.01
CV
-- 0.00
DM
** **
-GD
**
GS *
**

GD
0.22
0.26
0.29
0.01
-*

GS
0.03
0.40
0.18
0.00
0.04
--

Table H.4: Wilcoxon Rank-Sum Tests between GISCSII Scales by Knowledge Area (Site 1)
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Analytical Methods
PI
DR
E
PI -- < 0.001 0.001
DR ***
-0.149
E **
--

Conceptual Foundations
PI
DR
E
PI -0.087 0.122
DR
-0.070
E
--

Cartography & Visualization
PI
DR
E
PI -0.064 0.411
DR
-0.016
E
*
--

Data Modeling
Geospatial Data
PI
DR
E
PI
DR
E
PI -0.003 0.002
PI -0.015 0.296
DR **
-0.861
DR *
-0.078
E **
-E
-Note: * 𝑝 < 0.05 ** 𝑝 < 0.01 *** 𝑝 < 0.001

GIS&T & Society
PI
DR
E
PI -0.085 0.717
DR
-0.017
E
*
--

Overall
PI
DR
E
PI -- < 0.001 0.057
DR ***
-0.031
E
*
--

Table H.5: Subscale Statistics for MSLQ Responses (Site 1)

Motivation

(𝑛 = 50)
Value Components
Expectancy Components
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Learning Strategies

Affective Components
Cognitive and
Metacognitive Strategies

Resource Management
Strategies

Intrinsic Goal Orientation (IGO)
Extrinsic Goal Orientation (EGO)
Task Value (EV)
Control of Learning Beliefs (CLB)
Self- Efficacy for Learning and Performance (SELP)
Test Anxiety (TA)
Rehearsal (R)
Elaboration (E)
Organization (O)
Critical Thinking (CT)
Metacognitive Self-Regulation (MSR)
Time and Study Environment (TSE)
Effort Regulation (ER)
Peer Learning (PL)
Help Seeking (HS)

𝑥̅ (SD)
4.93 (0.979)
5.24 (1.080)
5.67 (0.969)
5.64 (0.982)
5.57 (1.020)
4.29 (1.340)
4.96 (1.030)
4.92 (1.150)
4.73 (1.230)
4.00 (1.290)
4.62 (0.804)
4.92 (1.020)
5.34 (0.947)
3.63 (1.610)
4.62 (1.110)

Shapiro-Wilk
𝑝
0.152
0.193
0.030
0.008
0.011
0.118
0.291
0.437
0.416
0.758
0.899
0.147
0.116
0.067
0.051

Kruskal-Wallis
𝑝
𝜀2
0.091 0.0977
0.033 0.1394
0.164 0.0739
0.088 0.9940
0.128 0.0841
0.271 0.0533
0.928 0.0031
0.025 0.1500
0.485 0.0295
0.282 0.0516
0.335 0.0447
0.160 0.0749
0.318 0.0468
0.892 0.0047
0.370 0.0406

Table H.6: Wilcoxon Rank-Sum Tests between MSLQ Motivation Scales (Site 1)
IGO
--

EGO
TV
CLB
0.090 < 0.001 < 0.001
-0.037 0.098
*
-0.397
--

SELP
IGO
< 0.001
EGO
0.167
TV ***
0.366
CLB ***
0.454
SELP **
-TA
*
***
***
***
***
Note: * 𝑝 < 0.05 ** 𝑝 < 0.01 *** 𝑝 < 0.001

TA
0.026
< 0.001
< 0.001
< 0.001
< 0.001
--

Table H.7: Wilcoxon Rank-Sum Tests between MSLQ Learning Strategies Scales (Site 1)
R
--

E
0.995
--

O
CT
MSR
TSE
R
0.104 < 0.001 0.006 0.778
E
0.253 < 0.001 0.005 0.735
O
-< 0.001 0.415 0.346
CT ***
***
***
-< 0.001 < 0.001
MSR **
**
***
-0.015
TSE
***
*
-ER
*
**
***
***
**
PL ***
***
***
***
***
HS
**
Note: * 𝑝 < 0.05 ** 𝑝 < 0.01 *** 𝑝 < 0.001

ER
0.142
0.034
0.007
< 0.001
< 0.001
0.002
-***
***

PL
< 0.001
< 0.001
< 0.001
0.095
< 0.001
< 0.001
< 0.001
-***

HS
0.104
0.227
0.517
0.003
0.680
0.123
< 0.001
< 0.001
--

Table H.8: Selected Statistics for CEQ Responses (Site 1)
(𝑛 = 48)
Overall Satisfaction (OS)
Good Teaching (GT)
Generic Skills (GS)
Clear Goals and Standards (CGS)
Appropriate Workload (AW)
Appropriate Assessment (AA)
Intellectual Motivation (IM)
Student Support (SS)
Graduate Qualities (GQ)
Learning Resources (LR)
Learning Community (LC)

𝑥̅ (SD)
4.33 (0.883)
4.30 (0.605)
3.94 (0.768)
3.89 (0.684)
3.49 (0.766)
3.35 (0.888)
3.98 (0.788)
3.80 (1.070)
4.24 (0.660)
4.33 (0.637)
4.06 (0.732)
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Shapiro-Wilk
𝑝
< 0.001
0.002
0.028
0.014
0.337
0.339
0.004
< 0.001
0.002
< 0.001
0.008

Kruskal-Wallis
𝑝
𝜀2
0.727 0.0136
0.042 0.1349
0.118 0.0909
0.198 0.0689
0.062 0.1184
0.004 0.2365
0.512 0.0285
0.002 0.2622
0.340 0.0459
0.946 0.0024
0.020 0.1661

Table H.9: Wilcoxon Rank-Sum Tests between CEQ Scales (Site 1)
OS GT
GS
CGS
AW
AA
OS -- 0.158 < 0.001 < 0.001 < 0.001 < 0.001
GT
-- 0.002 < 0.001 < 0.001 < 0.001
GS *** **
-0.639 < 0.001 0.003
CGS *** ***
-0.002 0.002
AW *** *** ***
**
-0.516
AA *** ***
**
**
-IM ** **
***
**
SS *** **
*
CQ
***
**
***
***
LR
***
***
***
***
LC * **
***
***
Note: * 𝑝 < 0.05 ** 𝑝 < 0.01 *** 𝑝 < 0.001
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IM
0.003
0.004
0.613
0.571
< 0.001
0.001
-***
**

SS
< 0.001
0.002
0.488
0.755
0.051
0.037
0.346
-**
***
*

CQ
0.137
0.338
< 0.001
0.002
< 0.001
< 0.001
< 0.001
0.004
-*

LR
0.711
0.301
< 0.001
< 0.001
< 0.001
< 0.001
0.002
< 0.001
0.094
-**

LC
0.014
0.002
0.076
0.099
< 0.001
< 0.001
0.617
0.033
0.022
0.001
--

APPENDIX I DISAGGREGATED QUESTIONNAIRE STATISTICS FOR SITE 2
Table I.1: Scale Statistics for GISCSII Responses (Site 2)
(𝑛 = 26)

𝑥̅ (SD)
Personal Interest (PI) 3.88 (0.820)
Disciplinary Relevance (DR) 4.22 (0.868)
Employability (E) 4.05 (0.653)

Shapiro-Wilk
𝑝
0.144
< 0.001
0.367

Table I.2: Descriptive Statistics for All GISCSII Questions (Site 2)

(𝑛 = 26)
Analytical Methods (AM)
Conceptual Foundations (CF)
Cartography & Visualization (CV)
Data Modeling (DM)
Geospatial Data (GD)
GIS&T and Society (GS)
All Scale Items

Personal
Interest
𝑥̅ (SD)
4.00 (1.17)
3.81 (0.94)
3.77 (1.31)
3.96 (1.18)
4.08 (0.98)
3.69 (1.26)
3.88 (0.82)
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Disciplinary
Relevance
𝑥̅ (SD)
4.35 (0.91)
4.15 (0.98)
4.19 (0.83)
4.35 (0.93)
4.23 (0.93)
4.04 (1.04)
4.22 (0.87)

Employability
𝑥̅ (SD)
4.19 (0.85)
3.88 (1.03)
4.12 (0.91)
4.23 (0.95)
3.92 (1.02)
3.96 (0.96)
4.05 (0.65)

Table I.3: Wilcoxon Rank-Sum Tests between GISCSII Knowledge Areas by Scale (Site 2)
Personal Interest
AM CF CV DM GD GS
AM -- 0.30 0.42 0.92 0.97 0.20
CF
-- 0.80 0.60 0.28 0.59
CV
-- 0.40 0.23 0.96
DM
-- 0.59 0.40
GD
-- 0.14
GS
-Note: * 𝑝 < 0.05 ** 𝑝 < 0.01 *** 𝑝 < 0.001

AM
CF
CV
DM
GD
GS

Disciplinary Relevance
AM CF CV DM GD
-- 0.46 0.63 1.00 0.44
-- 1.00 0.45 1.00
-- 0.28 0.82
-- 0.23
--

GS
0.28
0.46
0.54
0.12
0.48
--

Employability
AM CF CV DM
AM -- 0.20 0.59 0.82
CF
-- 0.38 0.18
CV
-- 0.46
DM
-GD
GS

GD
0.30
0.80
0.53
0.28
--

GS
0.28
0.98
0.37
0.17
0.88
--

Table I.4: Wilcoxon Rank-Sum Tests between GISCSII Scales by Knowledge Area (Site 2)
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Analytical Methods
PI
DR
E
PI -0.155 0.559
DR
-0.417
E
--

Conceptual Foundations
PI
DR
E
PI -0.023 0.644
DR *
-0.095
E
--

Cartography & Visualization
PI
DR
E
PI -0.100 0.146
DR
-0.644
E
--

Data Modeling
Geospatial Data
PI
DR
E
PI
DR
E
PI -0.109 0.333
PI -0.336 0.713
DR
-0.499
DR
-0.276
E
-E
-Note: * 𝑝 < 0.05 ** 𝑝 < 0.01 *** 𝑝 < 0.001

GIS&T & Society
PI
DR
E
PI -0.121 0.236
DR
-0.533
E
--

PI
DR
E

Overall
PI
DR
E
-0.025 0.449
*
-0.177
--

Table I.5: Subscale Statistics for MSLQ Responses (Site 2)

Motivation

(𝑛 = 16)
Value Components
Expectancy Components
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Learning Strategies

Affective Components
Cognitive and
Metacognitive Strategies

Resource Management
Strategies

Intrinsic Goal Orientation (IGO)
Extrinsic Goal Orientation (EGO)
Task Value (EV)
Control of Learning Beliefs (CLB)
Self- Efficacy for Learning and Performance (SELP)
Test Anxiety (TA)
Rehearsal (R)
Elaboration (E)
Organization (O)
Critical Thinking (CT)
Metacognitive Self-Regulation (MSR)
Time and Study Environment (TSE)
Effort Regulation (ER)
Peer Learning (PL)
Help Seeking (HS)

𝑥̅ (SD)
4.89 (1.197)
5.41 (0.974)
5.71 (1.001)
4.95 (1.215)
5.46 (0.985)
4.66 (1.156)
4.41 (1.303)
4.60 (1.363)
4.48 (1.487)
4.38 (1.511)
4.26 (0.809)
4.55 (1.141)
5.28 (1.118)
3.27 (1.798)
4.05 (1.198)

Shapiro-Wilk
𝑝
0.455
0.634
0.179
0.207
0.232
0.284
0.604
0.350
0.858
0.561
0.417
0.936
0.310
0.025
0.163

Table I.6: Wilcoxon Rank-Sum Tests between MSLQ Motivation Scales (Site 2)
IGO
--

EGO
0.176
--

TV
0.021
0.222
-*

CLB
0.850
0.347
0.014
--

IGO
EGO
TV
*
CLB
SELP
TA
*
**
Note: * 𝑝 < 0.05 ** 𝑝 < 0.01 *** 𝑝 < 0.001

SELP
0.078
0.856
0.140
0.148
-*

TA
0.205
0.025
0.008
0.289
0.017
--

Table I.7: Wilcoxon Rank-Sum Tests between MSLQ Learning Strategies Scales (Site 2)
R
--

E
0.569
--

O
0.909
0.551
--

CT
0.959
0.274
0.856
--

MSR
0.605
0.118
0.518
0.632
--

TSE
0.569
0.897
0.776
0.821
0.408
--

R
E
O
CT
MSR
TSE
ER
**
PL
HS
Note: * 𝑝 < 0.05 ** 𝑝 < 0.01 *** 𝑝 < 0.001

ER
0.093
0.266
0.190
0.066
0.003
0.078
-*
*

Table I.8: Selected Statistics for CEQ Responses (Site 2)
(𝑛 = 19)
Overall Satisfaction (OS)
Good Teaching (GT)
Generic Skills (GS)
Clear Goals and Standards (CGS)
Appropriate Workload (AW)
Appropriate Assessment (AA)
Intellectual Motivation (IM)
Student Support (SS)
Graduate Qualities (GQ)
Learning Resources (LR)
Learning Community (LC)

𝑥̅ (SD)
4.21 (0.855)
4.03 (0.778)
3.78 (0.638)
3.92 (0.759)
3.25 (0.782)
3.46 (0.957)
4.19 (0.714)
3.63 (0.797)
4.00 (0.577)
3.97 (0.702)
3.49 (0.823)
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Shapiro-Wilk
𝑝
0.001
0.025
0.474
0.350
0.184
0.760
0.030
0.107
0.113
0.059
0.583

PL
0.127
0.069
0.115
0.058
0.103
0.052
0.021
--

HS
0.485
0.140
0.311
0.642
0.587
0.211
0.010
0.083
--

Table I.9: Wilcoxon Rank-Sum Tests between CEQ Scales (Site 2)
OS GT
GS
CGS
AW
AA
IM
OS -- 0.244 0.010 0.068 < 0.001 0.005 0.937
GT
-- 0.078 0.546 0.002 0.031 0.462
GS *
-0.472 0.031 0.204 0.010
CGS
-0.001 0.055 0.049
AW *** **
*
**
-0.201 < 0.001
AA ** *
-0.003
IM
*
*
***
**
-SS *
*
*
CQ
*
***
*
LR
***
*
LC ** **
*
**
Note: * 𝑝 < 0.05 ** 𝑝 < 0.01 *** 𝑝 < 0.001
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SS
CQ
0.010 0.104
0.045 0.754
0.736 0.030
0.196 0.570
0.145 < 0.001
0.421 0.014
0.010 0.147
-0.068
-**

LR
0.102
0.616
0.147
0.795
< 0.001
0.013
0.255
0.066
0.864
-*

LC
0.005
0.008
0.036
0.065
0.278
1.000
0.004
0.356
0.003
0.035
--

